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FOREWARD
Foreward taken from a Eulogy given by Dr. Charles R.
Short at a memorial service for Dr. Heidi Marie Lott held
at the Louisiana State University School of Veterinary
Medicine, October 27, 1992.
There are occasions in life when we awaken from a
nightmare to find that we had not dreamt at all.

The

greatest tragedy of human existence at one time or another
touches us all, jolting us back to the reality of our own
mortality.
denial.

Our reaction is first one of disbelief or even

Then perhaps anger.

And then loneliness a feeling

of helplessness and deep sorrow and grief.
on but we can not.

We want to hold

We want to hold Heidi's hand, but it

has slipped from our grasp.

Still, Heidi has left us with

something indelibly etched in the deepest recesses of our
minds that we will hold on to for the rest of our lives.

I

think that Heidi would appreciate our describing it as a
residue of the distillation of her total impact on our
lives, and it takes the form of remembrances - and for
Heidi, of very fond memories.
And these memories take different forms for each of
us.

We will remember her for what she was - First,

an

excellent student, but more than that we'll remember her as
a scholar in the classical sense.

We will remember her as

a student whose objective was not marks, nor grades, nor
matriculation, but rather self-fulfillment.

We will

remember her as a person of foresight and single-minded

purpose in the achievement of her professional goals.

I

recall when she first applied to our program having 2 or 3
phone conversations with her and being impressed that she
knew what she was looking for in graduate training because
she had a vision of where she wanted to be 5 or 10 years
into the future.

One always had the impression that she

had a plan for all of her endeavors, and would devote
whatever energies were necessary to accomplish her goals.
It was apparent after her arrival that she was not
here to meet minimum requirements for graduation.

She

elected to take a minor in scientific writing, as she
enjoyed writing, even though a minor is not required for
degree programs in our department.
We will also remember Heidi for talents that many of
us only wish we had.

As you probably already know, Heidi

was an accomplished musician - in fact, a first class
violinist who graduated from the Interlaken Fine Arts
Academy.

She was an avid reader of classical and popular

literature, and was fluent in French.

In fact, she had

recently applied for a position in France, and was already
brushing up on her French in anticipation of an interview.
It would be typical of the Heidi we knew that if called for
an interview that she would be prepared to conduct it in
French.
We will also remember Heidi as a humanitarian and a
person of social conscience.

It is not surprising that she
vi

entered one of the nobel professions, or that she chose an
area of the environmental sciences for advanced training.
I believe that Heidi had a firm commitment to a career in
which she could make a contribution to the welfare of man
through protection of the
welfare of animals.

environment and promotion of the

I believe that she truly had a

Reverence for Life and that she would have been familiar
with this passage, which reads as follows:
"Late on the third day, at the very moment when, at
sunset, we were making our way through a herd of
hippopotamus, there flashed upon my mind, unforeseen and
unsought, the phrase "Reverence for Life".

The iron door

had yielded, the path in the thicket had become visible.
Now I had found my way to the idea in which affirmation of
the world and ethics, are contained side by side.

Now I

knew that the ethical acceptance of the world and of life,
together with the ideals of civilization contained in this
concept, has a foundation in thought."

You will recognize

this as the writing of Albert

Schweitzer and I think

Heidi would have permitted us

that quote because it

that

describes a thread that weaves its way through the fabric
of tapestry of her own life.
Above all we will remember Heidi for who she was to
each of us.

A friend; a colleague, a confidant; an

optimist, a warm smile. A gentle countenance.

A continual

beam of soft light that glowed and never seemed to dim.
vii

We

will remember her personally each in our own way.
of us she was like a daughter.
sister.

To

family - in

To some

To others she was like a

all of us she was a friend and a member of our
the School - in the University.

She was the personification of integrity, honesty,
inner beauty and with that, still humility.

Our loss is

compounded because she also was simply one of the sweetest
people that we have ever known.
Finally, we will remember Heidi in a structural way
through a memorial fund to be created in her name.

The

Heidi Lott Memorial Scholarship Fund will be an especially
appropriate remembrance because it will represent the high
standard of

academic excellence that Heidi established in

her own life.

The fund will be

created by the Lott family

and by faculty, staff and students, and friends in the
School, by friends in this community, and by friends in her
hometown of Tremont, Illinois.
It remains now only for us to bid Heidi farewell.
wish her family Godspeed on their journey back home.

And
Dr.

Lott, Dr. Sarah Lott, David - we thank you for coming to
visit with us and offering the opportunity to say a few
humble words about our little sister, Heidi, as inadequate
as they may be.

Please know that our thoughts and our

hearts go with you, and that our hands will always be
extended to help in any way that we can.

We can only ask

that you keep us in your thoughts as you are now
viii

collectively the living link to someone who has touched our
lives very deeply.
Thank you again.
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ABSTRACT

Methodologies for the extraction and analysis of
chlorinated pesticides from aquatic species are reviewed
and compared. New multiresidue isolation techniques using
Matrix Solid Phase Dispersion (MSPD) are presented for the
extraction and subsequent gas chromatographic, electron
capture detector determination of 14 chlorinated pesticides
(a-BHC, jS-BHC, lindane, heptachlor, aldrin, heptachlor
epoxide, p,p'-DDE, dieldrin, endrin, 4,4'-DDD, endrin
aldehyde, p,p'-DDT, endosulfan sulfate, and methoxychlor)
from crayfish (Procambarus clarkii) hepatopancreas, oysters
(Crassostrea virginica) and fish muscle tissues.

Pureed

crayfish hepatopancreata or oysters or fish muscle filets
(0.5-g aliquots) were fortified with the 14 pesticides,
plus 5-BHC as an internal standard, before being blended
with 2 g of CI8 (octadecylsilyl)-derivatized silica.

The

C,8/sample matrix blend and 2 g of activated Florisil
comprised an extraction column from which the pesticides
were eluted by addition of 8 mL of eluting solvent
(acetonitrile or an acetonitrile/methanol blend).

Two

microliters of the eluate were then directly analyzed by
gas chromatography with electron capture detection.
Unfortified blank controls were treated similarly.

The

eluate contained all the pesticide analytes and was free of
interfering co-extractants at most fortification levels for
xviii

the different sample types.

Correlation coefficients for

the 14 extracted pesticide standard curves (linear
regression analysis), average relative percent recoveries
over the range of concentrations examined, inter-assay
variability and intra-assay variability indicated that the
MSPD methodology allowed for the successful extraction and
determination of the 14 chlorinated pesticides at levels of
60-2000 ng/g in the sample types tested.
Compared to previous methods for the analysis of
chlorinated pesticides in aquatic species the techniques
and methodology presented here reduce analytical response
time, solvent use, solvent waste and disposal and
technician exposure. The methods presented are generic and
may also prove applicable to the MSPD analysis of a wide
range of environmental pollutants. These methods could form
the basis for a new approach to pollutant analysis and
should be considered as possible replacements for existing
methodology utilized by monitoring agencies.

xix

CHAPTER 1
GENERAL INTRODUCTION
Regulatory and monitoring agencies responsible for
testing foods of animal origin to determine chemical
contamination have indicated the need to designate funds to
develop a simple, more efficient methodology for such
analyses [1.1 - 1.4].

A two-tiered approach that involves

a rapid initial screening protocol and then confirmational
testing in the laboratory of only the positive samples
could be used [1.1].

Therefore, the development of better

screening protocols should be a high priority.
However, the screening protocols used at present are
limited by the techniques for extracting the chemicals of
interest from the various tissues. These classical
procedures often involve extensive tissue preparation and
several extractions followed by extract purification and
concentration before analysis by chromatography.
Therefore, this extraction process makes many screening
protocols time-consuming, complicated, and because of the
requisite large volumes of solvent, expensive and hazardous
to perform, especially for a large number

of samples.

waste generated by the extraction process

may lead to more

chemical contamination of the environment

than was

originally present in the tissues.

developing

Thus,

The

extraction techniques that eliminate these problems is the
1

first step toward establishing better screening protocols
for residue analysis.
The research reported here was directed toward
developing such extraction techniques and to include them
in screening protocols for determining pesticide residues
in aquatic species.

These techniques would be beneficial

to agencies that monitor seafood or aquacultural species
for human consumption and agencies that use aquatic species
as bioindicators of environmental pollution.

The screening

protocols herein reported have also been applied to actual
incidents requiring identification of incurred chemical
residues in fish samples obtained from the site of
fishkills or sites of suspected heavy environmental
contamination in Louisiana.
The following overview presents the approach of the
experimental program for 1) developing screening protocols
for isolating and identifying pesticide and herbicide
residues in tissues of aquatic organisms, 2) using the
developed protocols for residue analysis in aquatic samples
obtained from sites of known or suspected chemical
contamination, and 3) formulating a monitoring program
based on this approach and the results of the data
obtained.

BACKGROUND
A good screening protocol permits the simultaneous
determination of many chemical residues in a large number

of samples with an unknown exposure history.

Ideally, the

methods of the protocol should be reliable, accurate,
precise, specific [1.2] and sensitive to levels of residues
below legal tolerances [1.2, 1.5].

Dr. Richard Ellis

[1.2], a representative of the Food Safety and Inspection
Service (FSIS) of the U.S. Department of Agriculture
(USDA), described a number of other desirable attributes
for rapid screening methods used to detect pesticide
residues in meat and poultry products.

These attributes

would be expected to apply to methods for seafood products
as well.
1)

A parapharastic list of these attributes follows:
The method should have low variability in
recovery of the residues.

2)

The method should be:
a)

robust (i.e.,"unaffected by small deviations
from optimal parameter values"),

b)

cost effective (so regulatory agencies,
which typically have monetary resource
restraints, can keep up with increasing
sample burdens),

c)

rapid (so data can be used to identify and
remove contaminated meat before it is sold),

d)

simple (to aid in rapidity and to decrease
laboratory technician training), and

e)

safe (via little solvent use and waste).

A dated concept of screening methods is that they
generate only qualitative and not useful quantitative data.
Many screening methods (e.g., those which incorporate
microbiological assays or immunoassays for detection
purposes) generally determine only the presence or absence
of a chemical at some designated level of interest.
However, a well designed screening protocol could provide
valuable quantitative information as well.
With the continued concern over chemical, in
particular pesticide, contamination in the environment and
subsequently the food supply [1.1, 1.2] and a widely
acknowledged need for a better approach to pesticide
residue monitoring in biological matrices of animal origin
[1.6,1.7], the research and development plans of regulatory
agencies, such as the Food and Drug Administration (FDA)
[1.3,1.4] and the FSIS [1.2], currently include commitments
to increase and improve capabilities for testing for
pesticide residues.

These agencies wish to develop

screening methods which would resemble the ideal example
described above [1.1-1.4] or would "like to have a
universal analytical scheme that could simultaneously
quantitate the presence of all compounds or classes of
compounds of interest in animal tissue or fluid with
acceptable accuracy and correctly identify the analyte or
analytes" [1.2].

Therefore, new residue methodologies

capable of isolating and detecting many residues by the

same analytical scheme are being eagerly sought after by
these regulatory agencies.
Furthermore, "because of the strong public interest in
seafood safety and the declared intention at the
congressional level to develop a new inspection system,"
[1 .8 ] a clear opportunity exists to introduce innovative
methodologies for residue analysis in aquatic species.

The

National Academy of Science ranked chemically contaminated
seafood fourth in order of importance after 1 ) bacteria and
viruses in raw molluscan shellfish, 2 ) naturally toxic
fish, and

3) naturally toxic shellfish" [1.9].

Seafoods

are not presently included in the FSIS Annual Residue Plan,
a residue monitoring program for all domestic and imported
meat and poultry in this country [1.10].

However, in order

to better protect the human food supply, one of the
governmental regulatory agencies— the National Marine
Fisheries Service (NMFS), the FDA, or the FSIS— may soon be
requested to include seafood in a mandatory inspection
program.
Likewise, other programs, such as the National Oceanic
and Atmospheric Administration (NOAA)'s National Status and
Trends (NST) program and the Environmental Protection
Agency (EPA)'s National Pesticide Monitoring Program
(NPMP), could also benefit from rapid screening methods for
monitoring chemical residues in the various aquatic
organisms that participating researchers use to evaluate

levels of contamination in coastal and estuarine sites of
the U.S.

These programs require the analysis of large

numbers of shellfish and finfish.

For example, from 1986-

1988, the NOAA's Mussel Watch Program sampled three
mollusks yearly at approximately 35 different sites (n=315)
in order to determine total DDT (tDDT) concentrations
[1.11].

In 1980-81, the U.S. Fish and Wildlife Service

analyzed 315 composite samples of whole fish for
organochlorine residues at the 107 nationwide stations that
were part of the NPMP at that time [1.12].

These limited

sample numbers arise from the fact that the methodology
currently employed is expensive and time consuming to
perform.

In general, any agency that must routinely

analyze large numbers of aquatic organisms for pesticide
residues could benefit from a rapid, simple, and
inexpensive screening protocol.
According to Gilbert and Self [1.12], there are
typically four stages to the screening of organic residues
in biological materials; "sampling, extraction, separation,
and detection."

They write that while sampling is not

usually a "methodological problem in food analysis,
'extraction procedures' can involve several processes which
are difficult to perform accurately because of the physical
and compositional complexities of food matrices.
Relatively little progress has been made of late in this

area, which contrasts sharply with the innovations in the
separation and detection stages." [1 .12 ].
Recently, a multiresidue extraction technique called
Matrix Solid Phase Dispersion (MSPD) was developed, which
eliminates many of the difficulties associated with
extracting various residues from animal tissue [1.13].
This technique could prove to be a significant step in
establishing a screening protocol for pesticide residues in
aquatic species.

In the extraction process, homogenization

and dispersion of a small amount of tissue to a solid
support is performed in one step; elution of pesticides (or
other compounds) from a single, potentially multiphasic
column is performed in another.
becomes part of the column.
extracting solvent is needed.

The tissue actually

Only an 8 mL volume of
In many causes samples can

then be injected onto a gas chromatography or other
analytical apparatus without further cleanup.

It has been

demonstrated that extraction of many different types of
compounds from many different types of tissues can be
performed with this column by simply changing the solvent
system [1.13].
The experimental program to develop screening
protocols with all the desirable attributes mentioned
previously relied on the MSPD extraction technique for
isolating 14 chlorinated hydrocarbon pesticide residues in
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three benthic aquatic species from the three naturally
occurring water systems:
a)

freshwater— crawfish and catfish,

b)

estuarine— oysters, and

c)

marine-— lobsters.

Three specific aquatic species were chosen from their
respective locations for two reasons:
i)

They are commercially available seafood and thus of
interest to regulatory agencies responsible for
protecting the human food supply.

ii)

They have historically served as bioindicator
organisms of aquatic pollution and thus are of
interest to the regulatory agencies monitoring the
fate of chemicals in the environment.
Thus, the primary objective of the research was to

establish quick, simple, and inexpensive screening
protocols for identifying and quantifying chlorinated
pesticide residues in various aquatic species.

These

screening protocols would be for use in standard monitoring
procedures of agencies responsible for monitoring edible
aquatic species for public health considerations and for
monitoring aquatic organisms for environmental pollution
determination.

The regulatory agencies would use the

protocols to move immediately to identify and evaluate
potential contamination problems in the environment in
order to establish priorities for risk management and

further basic research or, as in the case with food
analysis, to remove contaminated tissue from commercial
markets.
Matrix Solid Phase Dispersion (MSPD) was used in the
screening protocols to extract these pesticide residues
from the tissues of the various aquatic organisms.

Gas

chromatography with electron capture (EC) and mass
spectrometric (MS) detection was used to identify
quantitate, and confirm the residues.

A key objective of

the research was to demonstrate the amenability of MSPD to
the extraction of a wide variety of residues from any
biological matrix, illustrating its use as a generic
technique for these purposes.

This objective was

demonstrated by applying the screening protocol to samples
of various freshwater fish species obtained from sites of
suspected, yet, often unknown chemical contamination.

In

this manner we have developed a more generic screening
protocol that could simultaneously identify and quantitate
the presence of the most important classes of pesticides in
aquatic animal tissue.
herein presented.

The results from this research are
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CHAPTER 2
REVIEW OF LITERATURE
METHODOLOGY FOR THE COLLECTION, EXTRACTION,
AND ANALYSIS OF CHLORINATED PESTICIDES IN
AQUATIC SPECIES
INTRODUCTION
The chlorinated pesticides examined here (Table 2.1)
are, for the most part, no longer approved for use in crop
or animal agriculture in the United States.

It is perhaps

ironic that the justification for their original production
and usage eventually led to their being banned and to their
continuing threat to the environment.

While the

chlorinated pesticides were valuable for crop and animal
agriculture, they also persisted in the environment, being
highly stable to most aspects of environmental degradation.
From the producers' point of view this was advantageous,
reducing the frequency of application of the pesticide and
the costs inherent in the process.

However, as the

toxicity of many of these compounds became evident, this
persistence became the very cause for their removal from
the market in the United States.

Unfortunately, large

quantities of many of these compounds continued to be used
in developing countries around the world.

Of further

concern is the level of these compounds that has
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Table 2.1 The sixteen chlorinated pesticides and
metabolites often included in monitoring programs of the
U.S. Environmental Protection Agency (EPA). "EPA 16"

Pesticide

Chemical Abstract Service (CAS)
registry number

p,p'-DDT
50-29-3
(1 ,1 ,1 -trichloro- 2 ,2 -bis[p-chlorophenyl)ethane)
p,p'-DDE
72-55-9
(1 ,l-dichloro- 2 ,2 -bis[p-chlorophenyl]ethylene)
p,p'—DDD
72-54-8
(1 ,l-dichloro- 2 ,2 -bis[p-chlorophenyl]ethane)
methoxychlor

72-43-5

aldrin

309-00-2

dieldrin

60-57-1

endrin

72-20-8

endrin aldehyde

7421-93-4

heptachlor

76-44-8

heptachlor epoxide

1024-57-3

endosulfan I

959-98-8

endosulfan II

33213-65-9

endosulfan sulfate

1031-07-8

a-hexachlorocyclohexane (HCH)

319-84-6

/3-h c h

319-85-7

lindane (7 -HCH)

58-89-9
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accumulated in the environment from spraying, from legal
and illegal dumping, and from sequestration in soils and
sediments and the continuing diffusion of these materials
into aquatic habitats and resources.

Since these compounds

are highly lipophilic, they tend to accumulate in the
animals that comprise the aquatic food chain, with much of
the exposure occurring to inland and estuarine species.
However, even aquacultured species may be exposed since
many ponds are built on land that was formerly used for
agriculture.

Coastal and deep-sea aquatic species also

have been found to contain detectable levels of many of
these compounds on a decreasing gradient as one moves
farther from land and away from river-influenced bays,
gulfs, and ocean currents.
The persistence of the chlorinated pesticides and
their magnification through bioaccumulation, their
continued use in some countries, and the concerns for their
known and unknown toxicity require that state, federal, and
international monitoring programs continue to include this
class of compounds in their testing for decades to come.
In this regard, we review here the methodology for the
collection, extraction, and analysis of the "EPA 16"
chlorinated pesticides and related compounds in aquatic
species.

There have been several excellent reviews

recently that address certain aspects of this review and
will be referred to in toto, as well as several reviews

that are related to pesticide analysis in general [2 .1 - 2 .6 ]
or seafood analysis [2.7, 2.8] in particular.

While there

are several "official” methods [2.9-2.12], there is also a
plethora of methods that are variants of these procedures.
This is in part due to the variety of matrices that one
encounters when dealing with analyses of chlorinated
pesticides in aquatic species.

However, this has led to a

degree of confusion in the field and has underscored the
need for new methodology. This demand is further heightened
by the fact that adequate monitoring will require the
analysis of more samples for more compounds in shorter time
frames than existing methods can currently handle and the
fact that current methods may be generating more pollution
than they are satisfactorily resolving.

SPECIAL PRECAUTIONS FOR SAMPLE PREPARATION
The value of any analytical result is directly related
to the procedures used for sample preparation.

Sample

preparation requires consideration of the following
procedures or conditions:
1.

Collection.

2.

Preservation.

3.

Storage.

4.

Shipment.

5.

Stability.

6.

Processing before extraction.
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COLLECTION
There is a considerable amount of information on sample
collection, including statistically-derived sampling
protocols, in the technical literature [2.13-2.15].

Any

method of sample collection attempts to ensure that samples
represent their populations and that sample sizes are
manageable and cost effective for analysis.

Typically,

edible aquatic resources (i.e., mainly finfish, shellfish,
and mollusks) collected for regulatory purposes are either
presented whole, as a raw agricultural commodity, or are
presented as processed foods (e.g. in canned or breaded
form).
PRESERVATION
Ideally, raw, whole samples should be analyzed directly
after collection.

Because analysis at the time of

collection is often impossible, a few special precautions
must be taken to preserve the integrity of the tissues.
For samples collected for environmental monitoring
purposes, the U.S. Environmental Protection Agency (EPA)
recommends wrapping whole fish in aluminum foil and
preserving by either icing down samples to be analyzed
immediately (i.e., within 24 hours) or by quick-freezing in
dry ice any samples to be stored (see Section 2.3 below)
[2.15].

An alternative method of preservation described in

the literature is tissue dehydration.

Homogenized

molluscan tissues that are first dehydrated with a

17

desiccant mixture (90% Na 2S04 and 10% silica) can be wrapped
in aluminum foil and held at room temperature for over 15
days without degradation or loss of chlorinated pesticide
residues [2.16-2.18].
STORAGE
Storage requirements vary according to how quickly
residues will be extracted from the tissues.

Tissues to be

extracted within 24 hours may be stored at normal
refrigeration temperatures (+2 to +4 °C) ; whereas, tissues
to be held for a longer period of time should be frozen (12 to -18 °C) [2.11].

Whole fish may be stored for up to

six months if kept in a freezer that maintains an even
temperature below -2 6 °C [2.15].

Samples may be

homogenized to decrease storage space.

However, if these

homogenized samples are to be held for longer than a month,
they should be monitored for stability of the pesticide
residues of interest.
Storage containers (e.g., zip-lock freezer bags) should
prevent contamination, moisture loss or gain, and
oxidation, hydrolysis, isomerization, polymerization, or
other cause of decomposition of tissues or residues.

Well-

sealed containers are especially important to protect
samples from desiccation in self-defrosting freezers.
In addition, samples should be individually packaged
for storage to avoid unnecessary handling of tissues not
immediately being analyzed.

Repeated freezing and thawing
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disrupts cell membranes.

As a result, lipids, and

therefore lipophilic pesticides, such as the chlorinated
hydrocarbons, may be lost from cells.
The EPA proposes an alternative method for storing
samples, which requires immediate solvent extraction of
lipids and pesticides from tissues and then removal of all
or most of the solvent.
temperatures.

Extracts can then be stored at low

However, the EPA recommends evaluating

residue decomposition in this state by creating and storing
spiked controls along with the sample extracts [2.15].
SHIPMENT
Samples must be shipped frozen as described above.
Tissues subjected to elevated temperatures that may exist
during travel could undergo rapid degradation.

Such

degradation may affect the chemical nature of the
chlorinated pesticide residues and will definitely affect
lipid structure and content of the tissues, resulting in a
loss of pesticide residues.

Changes in lipid structure and

content of tissues may also adversely affect subsequent
pesticide isolation procedures.
STABILITY
In general, most of the chlorinated pesticides now
present in tissues occur as relatively stable residues.
For example, most DDT has been metabolized or has
decomposed to DDE and DDD, both very stable compounds and
hence, persistent residues.

Most of the 16 chlorinated
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hydrocarbon pesticides that are regularly monitored by the
EPA have been banned for many years in the U.S. so are
generally found in tissues as their most stable metabolite
or decomposition product.

Other examples include aldrin

and heptachlor, which occur as dieldrin and heptachlor
epoxide, respectively, in tissues [2.19].
Standards of all chlorinated pesticides are necessary
for residue determination and confirmation.

The U.S. Food

and Drug Administration (FDA) Pesticide Analytical Manual
(PAM) states that these compounds are "rather stable” and
not subject to decomposition in solution [2.9],

In a study

to determine stability of several of these compounds
(individually prepared in 2 ,2 ,4-trimethylpentane), results
of GLC analysis indicated no substances other than the
parent pesticides over a period of eight months.

However,

the manual recommends protecting all standards from UV
radiation.
PROCESSING BEFORE EXTRACTION
Samples generally must undergo some sort of processing
before the residues can be extracted.

Most processing

procedures are steps taken to isolate specific organs or
tissue types.

For some of the environmental monitoring

protocols reviewed in the literature [2 .2 0 ], processing
includes removal of any tissue parts having direct contact
with the aluminum foil in which the samples were stored.
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This step is necessary to prevent surface contamination of
tissues„
The FDA PAM includes instructions for preparing the
edible portion of fresh hard shell and soft shell crabs;
oysters; clams; fish; and shrimp, crayfish, and other
shellfish [2.9]:
1.

For hard shell crabs, a "homogenous mixture of
meat and

fatty materials" is examined.

This

mixture is isolated by heating the crab in
boiling water or steaming autoclave for one
minute.

The claws and other appendages are

removed; meat is recovered from them.

After the

back shell is removed, all meat from this
location is conserved, but viscera and gills are
discarded.

The entire body of a soft shell crab

is used for its analysis.
2.

For

oysters and clams, a homogenous mixture of

meats and liquor is examined.
3.

For

fish, the following parts are discarded:

heads, scales, tails, fins, guts, and inedible
bones.

Skin remains, and all muscle is filleted

for inclusion in the sample.

Muscle from very

large fish may be sampled from various anatomical
locations.
4.

For

shrimp, crayfish, and other shellfish, only

the edible meat is examined.

All heads, tails,
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and shells are

discarded.

The manual does not

specify what to do with the hepatopancreas
("backfat"), which is considered to be edible in
crayfish and is often included in processed
packages of frozen crayfish tail meat sold in
commercial markets.
Homogenizing entire organisms or first isolating the
edible portions before homogenizing is very time-consuming
and labor-intensive.

In most cases, large (20-50 g)

subsamples of these materials are used for extraction.

New

methods efficient enough to extract and quantify the amount
of residue present in a small aliquot of muscle (or liver)
could be easily adapted to these procedures and could
eliminate some of these inconvenient procedures.

As will

be seen in the next section, this approach could also
greatly simplify subsequent extraction and analysis.

TISSUE EXTRACTION AND CLEANUP
With the introduction of the chlorinated pesticides
after the second World War, the technology of the time was
applied to their isolation and analysis and is still in use
today.

Most procedures were based on homogenization of the

sample matrix with an extracting solvent followed by
extensive cleanup procedures to remove, for the most part,
lipids and other co-extracting neutral compounds.

Water

and aqueous homogenate samples were extracted by liquidliquid partitioning of the pesticides followed by a range

of extraction protocols to remove interferences.

Analyses

were conducted by non-chromatographic methods using total
chlorine content, ultraviolet, visible, and fluorescence
spectroscopy and biochemical techniques that took advantage
of the activity of the pesticide on specific enzyme systems
or organisms, such as acetylcholinesterase activity and the
survival time of flies exposed to the extracts [2.2].

Such

methodologies were most often developed for single
pesticides.

However, as a large number of such compounds

became available, the extraction methodology had to become
more nonspecific while the analytical methodology had to
become more specific.

The development of multiresidue

methods became a necessity and was fostered by the growing
need and concern to monitor for residues in agricultural
crops and food animals that were exposed to such compounds.
This led to the development of a variety of techniques that
were based on different aspects of the nature of the
chlorinated pesticides and the sample matrix to be tested.
Many of these procedures, particularly the "Mill's method,"
were subsequently incorporated into what are now "official"
methods of analysis for these compounds.

Nevertheless,

these methods have been consistently revised and still
adhere to rather antiquated techniques that are labor-,
materials-, and solvent-intensive.

There are at present

five principal multiresidue methods that can detect 200 of
the approximately 750 pesticides, metabolites, and
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impurities that must be tested.

However, most of these

methods have not been adequately examined for method
performance in the variety of aquatic food animal species
and products available.
There are also newer techniques, such as supercritical
fluid extraction (SFE) and matrix solid phase dispersion
(MSPD), which have recently been developed for use on
aquatic resources.

With the SFE technique, supercritical

fluids such as carbon dioxide (SC-C02) are used as the
extraction mediums in place of organic solvents.

C02

becomes a supercritical fluid if handled above its critical
temperature and pressure.

Because chlorinated pesticides

and associated lipids are soluble in SC-C02, they can be
extracted from tissues and then collected once the
pressurized C02 is brought back to atmospheric pressure.
The main advantage of this technique is that expensive,
flammable, and potentially hazardous organic solvents are
not used in quantity.

However, because the extracts

contain contaminating lipids, a cleanup step is usually
needed before samples can be injected onto a gas
chromatograph.

Cleanup can be performed with gel

permeation chromatography or adsorption chromatography with
Florisil.

In addition, high levels of water in the sample

can interfere with the extraction process.

This problem

has recently been overcome with the development of a
protocol that calls for first mixing samples with
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diatomaceous earth before extracting with SC-C0 2 [2.21].
This step disperses the sample material and allows
adsorption of water before extraction with SC-C02.
Another technique recently developed and applied to
tissues of edible aquatic resources is MSPD [2.22-2.24].
This technique is basically a simple two-step procedure for
the extraction, cleanup, and isolation of pesticide (and
other chemical) residues from any type of sample matrix
(e.g., whole oyster homogenate [2.22], fish muscle [2.23],
or crayfish hepatopancreas [2.24]).

In the procedure, a

0.5-g tissue sample is blended with 2.0 g octadecylsilyl
(ODS)-derivatized silica (C18) with a mortar and pestle.
The material is transferred and packed into a 10-mL plastic
syringe barrel column prepacked with 2.0 g Florisil.
Pesticides are eluted with an 8 -mL volume of extracting
solvent added to the head of the column.

In most cases,

eluate samples may be directly analyzed by gas
chromatography without further cleanup.

This technique is

rapid, simple, and inexpensive because it eliminates
supplies and separate steps needed for:

1 ) sample

preparation (e.g., blenders or tissue homogenizers), 2 )
lipid and pesticide extraction (e.g., large volumes of
solvents and filtration steps), 3) extract cleanup and
pesticide isolation (e.g., more solvents and perhaps
adsorption chromatography), and 4) extract concentration
(e.g., N 2 and various types of evaporation apparatuses).
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Three of its main advantages are that 1) it considerably
decreases solvent use compared to the "official" methods,
2 ) it allows for a rapid turnover of samples and hence,

access to relevant data on the pesticide residue levels
present in the samples, and 3) it is amenable to robotics
automation.
Table 2.2 [2.25-2.27] is a descriptive outline of
cleanup techniques.

The outline is based on a review by

Stephen M. Walters on cleanup techniques for pesticides in
fatty foods [2.25].

The dates in the outline usually

correspond to when particular techniques were first
developed for cleanup of tissue extracts for pesticide
analysis.

As will be shown shortly, most of the techniques

have been applied to cleanup fish tissue extracts for
subsequent isolation of chlorinated pesticides.
Tables 2.3, 2.4, and 2.5 are outlines of the methods
currently used by the FDA [2.9], EPA [2.11], and National
Oceanic and Atmospheric Administration (NOAA)
respectively.

[2.12],

These methods are very similar; extraction

of lipids is done with solvents, lipids are removed by
liquid-liquid partitioning and adsorption chromatography
with Florisil, and further cleanup and fractionation of
pesticide residues is usually performed with additional
adsorption chromatography columns.
include supplemental cleanup steps.

The methods also
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Table 2.2 Descriptive outline of cleanup techniques used
in methods for pesticide analysis of fatty foods.[2.25]
EARLY
I.

Liquid-liquid partitioning
A.

B.
II.

III.

Hexane and acetonitrile (ACN)
1.

Hexane— lipids, non-polar constituents

2.

ACN— pesticides, polar constituents

Petroleum ether (pet. ether) and ACN

Adsorption chromatography
late 1950s
— All of the agents act as polar sorbents and
retain polar lipids when organic solvents of
lower polarity are used to elute analytes.
— used as an adjunct to liquid-liquid partitioning
— applications of alumina and silica gel studied
more intensively in Europe
A.

Magnesia

B.

Florisil (synthetic magnesium silicate)

C.

Alumina

D.

Silica gel

Saponification
late 1950s
— used as an adjunct to adsorption chromatography
— -limited in use to analytes that are stable to
the treatment (e.g., some organochlorine
compounds [OCs], such as 2,3,7,8tetrachlorodibenzo-p-dioxin, PCBs, and DDT
analogs)
A.

Potassium hydroxide-alcohol treatment and
subsequent partitioning of analytes into pet.
ether

B.

Sulfuric acid digestion when working with acidstable pesticides
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Table 2.2
LATER
IV.

V.

Sweep
1960s
—
—
—
—

codistillation
popular in Australia
UNITREX = commercial instrument
can be used to isolate OCs
OCs in beef fat [2.26]

A.

Technique = volatilization of pesticides in
fractionation tube and their subsequent
collection in a Florisil trap

B.

Relatively non-volatile lipids do not exit
fractionation tube.

C.

Pesticides then eluted from trap and concentrated

Low-temperature precipitation [2.27]
~78° C dry ice/methanol bath

VI.

A.

Lipids, waxes, H 20— frozen out of solution
(precipitation)

B.

Pesticides (polar & apolar) left in supernatant
acetone/benzene extraction solvent

Gel permeation chromatography (GPC)
1970s
-— official method in Germany
— commercial system available
— often requires additional cleanup with Florisil
adsorption chromatography
— widely applicable (fish, OCs)
A.

Polymer beads retain small pesticide molecules
(Mr 200-400) .

B.

Lipids eluted from column first (Mr 600-1500)
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Table 2.2
V I I .Semipreparative liquid chromatography
1980s
— OCs and organophosphorus compounds (OPs)
A.

B.

Uniform microparticulates:
1.

Silica (normal phase)

2.

Octadecylsilyl (ODS)-bonded silica
(reverse-phase)
a.

ODS-bonded silica retains long chain lipids

b.

ACN = common eluting solvent for pesticides

Solid phase extraction (SPE) cartridges

VERY RECENT
VIII.Supercritical fluid extraction (SFE)
late 1980s
OCs, carbamates, phenylurea herbicides
A.

Extractant =

B.

SFE extracts may then need to undergo additional
cleanup by conventional techniques (e.g.,
adsorption chromatography).

C.
IX.

pure or polar solvent-modified C02

SFE can be directly coupled to supercritical
fluid chromatography (SFC).

Matrix solid phase dispersion (MSPD)
late 1980s
- - O C s , OPs, triazine herbicides, drugs
A.

Small sample

size (0.5 g)

B.

Small volume

of solvent (8 mL) needed per sample

C.

Tissue blended with solid support
(ODS-bonded silica)

D.

Residues eluted with solvent from column packed
with tissue/matrix mixture and Florisil

E.

No further cleanup necessary in most cases
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Table 2.3 Outline of the methods used by FDA for analysis
of chlorinated pesticide residues in fish (sections
211.13f/ 211.14a-d, 211.15a-d, and 211.16 [2.9])
I.

EXTRACTION OF FATS (section 211.13f [2.9])
(AOAC)
A.

Sample:
25-50 g homogenized fish
(approx. 3 g fat)

B.

Homogenization of tissues with anhydrous Na 2S04
Na 2S04:
-combines with water
-disintegrates sample

C.

Multiple extractions with petroleum ether
(pet. ether)

D.

Cleanup of extracts & rinses with a column of
Na 2S04

E.

Concentration (Kuderna-Danish concentrator)

F.

Lipid determination
NOTE:
Fish containing < 10% fat may be analyzed
by method for nonfatty foods.
Total volume of solvent used:

II.

approximately 500 mL

EXTRACTION OF PESTICIDES FROM ISOLATED FAT & OIL
(section 211.14 [2.9])
(AOAC)
A.

Pet. ether/acetonitrile (ACN) partitioning (see
Table 2.6 to see if pesticides of interest are
recovered by this method)
Total volume of solvent used:

B.

approximately 365 mL

Florisil column (see Table 2.6)
1.

Florisil and Na 2S04 in column

2.

6 % ethyl ether/pet. ether

3.

15% ethyl ether/pet. ether

4.

Concentration of each eluate

Total volume of solvent used:

approximately 460 mL
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Table 2.3
OPTIONAL or ALTERNATIVE METHODS (sections 211.14b and
c [2 .9 ]) :
C.

ACN/pet. ether backwash
(optional-— to improve cleanup)
Total volume of solvent used:

D.

approximately 275 mL

Partition chromatography (see Table 2.7)
(alternative to pet. ether/ACN partitioning)
1.

2.

Florisil column
a.

Sample

b.

10 % h2o/acn

Separator
a.

Eluate

b.

Pet. ether

c.

Saturated NaCl

d.

H20

3.

Anhydrous Na 2S04

4.

Kuderna-Danish concentrator

Total volume of solvent used:

approximately 181 mL

III.SUPPLEMENTAL CLEANUP (sections 211.15a-d [2.9])
A.

6 % eluate

1.

+/- GLC or thin layer chromatography
without further cleanup

2.

+/- Second Florisil column
(AOAC)

Total volume of solvent used:

approximately 460 mL
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Table 2.3
3.

+/- Acid-Celite column (see Table 2.8)
(AOAC-DDT only)

Total volume of solvent used:
approximately 85 mL
(more if sample contains more fat)
B.

15% eluate
1.

+/- MgO-Celite (see Table 2.9)
(AOAC)

Total volume of solvent used:
2.

+/- Alkaline hydrolysis (see Table 2.10)
(AOAC)

Total volume of solvent used:
3.
IV.

approximately 140 mL

approximately 50 mL

+/- Alkaline hydrolysis followed by MgOCelite

DETERMINATION
A.

GLC/electron capture detector

B.

Confirmation:
1.

Initial test: thin layer chromatography

2.

Others
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Table 2.4 Outline of the methods used by the EPA for
analysis of chlorinated pesticide residues in human and
environmental samples (section 5, A, [1]) [2.11].
I.

EXTRACTION OF FATS
A.

Sample:

5 g

B.

Dry maceration with sand and anhydrous Na 2S04

C.

Addition of aldrin as a quantitative recovery
check

D.

Multiple extractions with petroleum ether (pet.
ether)

E.

Evaporation to dryness for lipid determination

Total volume of solvent used:
II.

approximately 160 mL

LIQUID-LIQUID PARTITIONING
Pesticide residues are extracted from the fat with
acetonitrile (ACN) and then partitioned back into
petroleum (pet.) ether by aqueous dilution of the ACN
extract.
A.

Solvents: ACN, 2% NaCL, pet. ether

B.

Drying with anhydrous Na 2S04

C.

Concentration (Kuderna-Danish concentrator)

Total volume of solvent used:

approximately 365 mL

III. FLORISIL FRACTIONATION
A.

Florisil and anhydrous Na 2S04 in column

B.

6 % diethyl ether/pet. ether

C.

15% diethyl ether/pet. ether
(with addition of aldrin to this fraction)
+/- MgO-Celite column chromatography afterwards

D.

Concentration of each eluate

Total volume of solvent used:
approximately 461 mL
(MgO-Celite chromatography would require an
additional 140 mL of solvent.)
IV.

GLC/ELECTRON CAPTURE DETECTOR DETERMINATION
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Table 2.5 outline of the methods used by the NOAA for
analysis of chlorinated pesticide residues in tissues
(sections 8, 10, 11, and 12 [2.12]).
I.

EXTRACTION
A.

Sample:

3 g

B.

Homogenization with internal standards and Na 2S04
and 3 extractions with dichloromethane (DCM)

C.

Centrifugation (repeated 3 times in conjunction
with the extractions)

D.

Concentration with boiling chips
Total volume of solvent used:

II.

SILICA GEL/ALUMINA COLUMN CHROMATOGRAPHY
A.

Alumina, silica gel, and sand in column

B.

Pentane

C.

50% DCM/pentane

D.

Concentration of each eluate
Total volume of solvent used:

III.

approximately 246 mL

SEPHADEX LH-20 CHROMATOGRAPHY
A.

Second fraction only (50% DCM/pentane)

B.

Concentration of eluate
Total volume of solvent used:

IV.

approximately 80 mL

approximately 235 mL

DETERMINATION
A.

GLC/electron capture detector

B.

GLC/mass spectrometric detector confirmation

Table 2.6 is a list from the FDA PAM (from Table 201A [2.9]) of the pesticides recovered by the FDA method for
extraction and cleanup of organochlorine residues from fish
with a > 10% fat content (section 211.13f [2.9]).

This

method uses petroleum ether/acetonitrile partitioning and
Florisil column chromatography.

All sixteen of the

chlorinated pesticides emphasized in this chapter are
recovered with this method.
Table 2.7 is a list from the FDA PAM (from Table 201-C
[2.9]) of the pesticides known to be recovered by the FDA
method used as an alternative for cleanup of extracts
containing lipids that tend to form emulsions during
petroleum ether/acetonitrile partitioning (section 211.14c
[2.9]).

Not all of the sixteen chlorinated pesticides are

listed.
Tables 2.8-2.10 are lists from the FDA PAM (from Table
201-B [2.9]) of the pesticides recovered after use of the
supplemental cleanup techniques recommended by the FDA
(sections 211.15a-d [2.9]).

These techniques (i.e., acid-

Celite and MgO-Celite column chromatography and alkaline
hydrolysis) are more rigorous; some of the pesticides are
lost in the processes.

Table 2.6 Pesticides recovered with petroleum (pet.)
ether/acetonitrile partitioning and Florisil column
chromatography [2.9].
aldrin
dieldrin
endosulfan X
endosulfan II
endosulfan sulfate
endrin
endrin aldehyde
a-HCH
0-HCH
heptachlor
heptachlor epoxide
lindane (7 -HCH)
methoxychlor
ortho & para isomers of DDE
ortho & para isomers of DDE
ortho & para isomers of DDT
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Table 2.7 Pesticides recovered with partition
chromatography (alternative method) [2.9].
aldrin
dieldrin
endrin
heptachlor
heptachlor epoxide
lindane
methoxychlor
p,p'-DDD
p,p'-DDE
p,p'-DDT
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Table 2.8
[2.9].

Pesticides recovered with acid-Celite column

aldrin
heptachlor
heptachlor epoxide
lindane
ortho &

para isomers of DDD

ortho &

para isomers of DDE

ortho &

para isomers of DDT

Table 2.9
[2.9].

Pesticides recovered with MgO-Celite column

aldrin
dieldrin
endrin
Table 2.10
[2.9].
aldrin
dieldrin
endrin

Pesticides recovered with alkaline hydrolysis
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Table 2.11 [2.16-2.18,2.20,2.22-2.24,2.28-2.64] is a
list of various studies in which some sort of edible
aquatic resource was analyzed for chlorinated pesticides.
Table 2.11 includes sample types, analytes (EPA 1116" refers
to the 16 pesticides in Table 2.1), brief descriptions of
each method, and analytical instruments used in each of the
studies.

The analyses were done for many different

reasons.

For example, some of the references report data

from environmental monitoring programs.

Others reflect

work done to determine uptake and bioaccumulation of a
single pesticide in various tissues of an organism.

Yet

others describe research conducted to determine the extent
and nature of pesticide biotransformation in organisms.

It

should be noted that some of the studies dealt with
additional, nonedible aquatic or terrestrial species and
some dealt with other chemicals or elements in addition to
the chlorinated pesticides.

However, only information

about edible aquatic resources and analytical methods for
chlorinated pesticide residues is emphasized in Table 2.11.
Under the sample type heading, the aquatic organisms
and specific tissues or organs used in each study are
listed.

The organisms are listed according to their common

names if these names were provided in an article.
Otherwise, the organisms are classified as fish, mollusks,
or shellfish.
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One thing to note under the analyte heading is that
the individual isomers of DDT are individually listed only
if they were specifically included in an article.

Some

articles expressed results on DDT residue levels in terms
of total DDT (SDDT) or simply in terms of DDE, DDD, and DDT
but did not state if all the ortho and para isomers of DDE,
DDD, and DDT were included in the analyses.
Most of the analytical methods used in these articles
can be divided into four basic procedures:

extraction,

preliminary cleanup, isolation, and detection.

These

procedures are described for each method in the table.
However, in order to present the full complexity of the
different methods, many of the steps that serve as
transitional steps (e.g., centrifugation and concentration)
between the four basic procedures were included because
these are the very steps that can make a specific method
time-consuming, labor-intensive, and difficult to automate.
Steps, such as transferring material from one container to
another, that may depend on availability of glassware or
particular appliances have not been included.
Furthermore, the authors variably described their
analytical methods— some in depth and step-by-step, others
generally.

In Table 2.11, the methods are described as

closely as possible to what was given in each article and
also in respect to the four

basic procedures.

Certain

steps were consolidated, especially steps for which there

usually exists a single, universal way of performing them.
For example, "Florisil chromatography for cleanup"
includes steps such as column conditioning with various
solvents or addition of Na 2S04 to the Florisil.

In

addition, procedures such as lipid and moisture
determination are necessary for reporting the quantitative
results of some of the studies and so are included in Table
2.11.

However, the individual steps of the procedures are

again not listed.

Be aware, though, that all of these

steps contribute to the complexity and expense of a given
method.
Terminology varied considerably.

Therefore,

it was

necessary to adjust certain words for semantic consistency.
For example, the word "concentration" was used throughout
the table.

Yet the word "evaporation" was often used in

several of the articles.

The two words as used here are

generally interchangeable.

Both usually refer to

evaporation of solvent with N2 and hence, concentration of
the pesticides in solution.

Many of the articles did not

indicate whether the data were corrected for recovery.
Several methods required addition of an internal standard.
Some required performing the procedures on fortified
samples to determine extraction efficiency for that
particular method.

Only two of the articles included

specific statements about data not being corrected for
recovery [2.50,2.64].

Table 2.11 Sample types, analytes, methods, and analytical instrumentation used in
various studies in which edible aquatic resources were analyzed for chlorinated
pesticides.
Reference Sample type

Analytes

Method

Analysis

[2 .2 2 ]

oysters
(whole)

EPA ”16" except
for endosulfan I
and endosulfan II

Matrix solid phase
dispersion (MSPD)
extraction (8 mL
acetonitrile [ACN]:
methanol [MeOH], 9:1)

GLC with
electron
capture
detector
(ECD)

[2.28]

mollusks
(mussels &
oysters)

EDDT, PCBs,
polyaromatic
hydrocarbons
(PAHs)

homogenization and extraction
of tissues with dichloromethane (DCM) and Na 2S04
(repeated 3 times),
concentration by boiling,
silica gel/alumina
chromatography for cleanup
and fractionation, Sephadex
LH-20 gel permeation
chromatography (GPC) for
further cleanup,
concentration

GLC/ECD
for DDT
and PCBs
and GLC with
flame
ionization
detector (FID)
for PAHs

[2.29]

mussels
(whole)

DDE, DDD, DDT
(para isomers),
mirex, y-chlordane,
lindane, a-HCH,
chlorobenzenes,
PCBs

homogenization of tissues
dual capillary
with anhydrous Na 2S04;
column GLC
Soxhlet extraction with
acetone:hexane; back-extraction
with H20 to remove acetone;
concentration; Pasteur pipette
column packed with Na 2S04,
H2S04 on silica gel, and
Florisil for cleanup

see ref.

[2.28]

GLC/ECD for
the pesti
cides and
PCBs

[2.30]

oysters

lindane, aldrin,
heptachlor,
heptachlor epoxide
(hept. epox.),
dieldrin, mirex,
trans-nonachlor,
a-chlordane,
EDDT (all ortho &
para isomers),
hexachlorobenzene
(HCB), PAHs, PCBs

[2.31]

oysters
and clams

EPA "16" except
tissue homogenization with
for endrin aldehyde hexane, centrifugation,
reverse GPC, concentration,
Florisil chromatography for
cleanup

[2.32]

clams
(minus gut
contents)

p,p'-DDT-d 8

GLC/MSD
homogenization of tissues
with anhydrous Na 2S04:sand,
3 extractions
with n-hexane:acetone,
concentration, solid phase
extraction (SPE) for cleanup,
concentration, Florisil
chromatography for additional
cleanup
lipids on SPE columns
recovered and quantified

[2.33]

clams
(whole)

EDDT, chlordane,
pentachlorophenol, a-HCH,
HCB, PCBs,
2 phthalates

tissue homogenization
in acetone:ACN,
dilution with
aqueous NaCl,
extraction with petroleum

GLC with
mass
spectrometric detector
(MSD)

GLC/ECD or
GLC/FID

to

ether (pet. ether) under basic
and then acidic conditions
basic extract—
purification by
Florisil
chromatography,
concentration
acidic extract—
derivatization,
purification by
acid alumina
chromatography,
concentration
[2.34]

mussels,
oysters

PCBs, PAHs

[2.16]

clams,
oysters,
mussels,
quahogs

aldrin, chlordane,
see ref.
EDDT, dieldrin,
endosulfan,
lindane, heptachlor,
methoxychlor, mirex,
PCBs, toxaphene,
trifluralin

[2.35]

mussels

DDT isomers:
p,p'-DDE
p,p'-DDD
p,p'-DDT
o,p'-DDT
PCBs

extraction by alkaline
digestion or solvents,
adsorption chromatography on
silica gel or alumina over
silica gel for cleanup
[2.18]

GLC/ECD and
GLC/FID
(GLC/MSD for
conf irmation)
GLC/ECD

GLC/ECD
Soxhlet extraction with
hexane, concentration,
H2S04 cleanup,
verification of DDT & DDD—
dehydrochlorination with
alcoholic potassium hydroxide
on selected samples

U

[2.36]

oysters

PCBs

extraction with
hexane, Florisil
cleanup

GLC/ECD

[2.17]

oysters,
mussels,
clams

aldrin, chlordane,
DDE, DDD, DDT
(para isomers),
dieldrin, endrin,
heptachlor,
hept. epox.,
methoxychlor,
lindane, mirex
toxaphene,

homogenization of tissues
with Na 2S04:sand, Soxhlet
extraction with pet.
ether, concentration,
dilution with
a different solvent,
liquid-liquid partitioning,
concentration, Florisil
chromatography for cleanup

GLC/ECD
(3 different
columns and
thin layer
chromatography
(TLC) used for
confirmation)

[2.37]

oysters

p,p'-DDT,
toxaphene,
parathion

see ref.

GLC/ECD

[2.38]

mussels

DDT, DDE, DDD,
methoxychlor,
aldrin

homogenization of frozen
GLC/ECD
(additional
tissues and solid C0 2 to a
columns for
powder, extraction with
hexane:acetone, f iltration,
conf irmation)
10% NaCl wash,
partitioning into ACN,
repartitioning back into
hexane, concentration,
adsorption chromatography with
Florisil and Celite
for cleanup, concentration

[2.39]

fish,
crabmeat,
shrimp,
scallops

DDE, DDD, DDT
(para isomers),
lindane, dieldrin,
hept. epox.,
trans-chlordane,

homogenization of tissues
GLC/ECD
with acetone, centrifugation,
tandem C 18 and Florisil SPE
columns for cleanup,
concentrat ion

[2.42]

cis-nonachlor,
endrin
[2.40]

fish (liver,
endosulfan
kidney, brain,
muscle, gill,
and alimentary
canal)

homogenization of tissues
with anhydrous Na 2S04,
Soxhlet extraction with
n-hexane, silica gel
chromatography for clean
up, concentration

GLC/ECD

oysters and
clams (gill,
mantle, adductor
muscle, foot, and
remainder of body)
[2.41]

fish (livers), EDDT (all ortho &
see ref.
whole mollusks para isomers),
aldrin,
a-chlordane,
trans-nonachlor,
dieldrin, heptachlor,
hept. epox.,
HCB, lindane,
mirex, PCBs

[2 .2 0 ]

DDT, DDE, DDD,
gurnard and
plaice
EDDT (para
isomers only),
(intestinal
adipose
PCBs
tissue, liver,
muscle); brill
(liver, muscle);
squid (mantle
musculature);
scallops

[2.28]

homogenization of frozen
tissues with Na 2S04:
sand, extraction
with n-hexane:acetone,
volume adjustment,
lipid determination,
concentration,
resuspension in n-hexane,
alumina column chromatography
for cleanup, concentration,

GLC/ECD

GLC/ECD
(GLC/MSD
for
confirmation)

in

(digestive gland,
adductor m . )

Florisil chromatography
for fractionation

[2.42]

fish, crabs,
oysters,
shrimp

Aroclor 1254

GLC/ECD
homogenization of tissues
(3 different
with anhydrous Na 2S04,
columns used
Soxhlet extraction with
pet. ether, concentration,
for
confirmation)
partitioning into ACN,
evaporation to dryness,
resuspension into pet. ether,
Florisil column chromatography for cleanup

[2.23]

catfish
(muscle)

DDE, DDD, DDT
(para isomers),
lindane,
heptachlor,
hept. epox.
aldrin,
dieldrin, endrin

MSPD extraction (8 mL ACN)

[2.43]

fish
(fat)

dieldrin, DDE,
DDT, jS-HCH,
hexachloroepoxide

Soxhlet extraction with
GLC/ECD
hexane, on-line size exclusion
chromatography (SEC) for
cleanup

[2.44]

burbot liver

Zchlorobenzenes,
HCB, PCBs,
SHCH, a-HCH,
lindane, mirex,
Schlordane,
trans-nonachlor,
2DDT, p,p'-DDE,
dieldrin,
toxaphene,

tissue homogenization with
GLC/ECD
dry ice; tissues + Na 2S04
(GLC/MSD for
ball-milled with hexane;
confirmation)
centrifugation; lipid
determination;
extract
concentration and resuspension
in DCM:hexane; GPC
chromatography for
cleanup; Florisil

GLC/ECD

chromatography for fractionation
The presence of chlordanerelated compounds, toxaphene,
and mirex was also confirmed
by treatment of samples with
HN0 3:H2S04 to destroy
chlorinated aromatics (PCBs,
DDT, HCB).

[2.45]

bluefish
(muscle,
with and
without skin)

FDA's PAM, Vol. I
trans- & cischlordane,
p,p'-DDE, p,p'-DDD,
p,p'-DDT, dieldrin,
HCB, a-HCH,
trans-nonachlor,
octachlor epox.,
PCBs

[2.46]

mosquito fish,
eels, catfish
(for field
samples,
ovaries &
livers were
analyzed
separately)

a-endosulfan;
j8-endosulfan; and
endosulfan sulfate,
diol, ether, and
lactone

[2.47]

catfish and
bolti fish
("edible

a-HCH, jS-HCH,
FDA's PAM, Vol. I
for high moisture, nonfatty
lindane, p,p'-DDE,
p,p'-DDD, o,p'-DDT, food

GLC/ECD

homogenization of tissues
GLC/ECD
with trisodium citrate,
disodium hydrogen orthophosphate,
and Na 2S04, silicic acid/alumina
chromatography for cleanup,
concentrat ion

GLC/ECD
(another
column and

TLC used for
confirmation)

portions"-—
all flesh and
skin)

p,p'-DDT, hepta
chlor, hept. epox.,
aldrin, dieldrin,
HCB, oxychlordane,
trans-nonachlor,
Aroclors 1254 and
1260

[2.48]

fish

DDE, DDD, DDT
(para isomers),
dieldrin

extraction with n-hexane:
acetone and Na 2S04,
filtration (repeat solvent
extraction and filtration),
concentration, volume
adjustment, cleanup
with an alumina/silicic
acid Pasteur pipette column

GLC/ECD

[2.49]

fish

organochlorine
pesticides

supercritical fluid
extraction (SFE),
silica gel or alumina
chromatography for cleanup

GLC

[2.50]

5 species of
fish (muscle)

EPA "16" (except
for endrin
aldehyde, dieldrin,
and endosulfan
sulfate)

homogenization of tissues
with anhydrous Na 2S04,
Soxhlet extraction with
hexane, lipid determination,
Florisil column
chromatography for
cleanup, concentration,
silica gel chromatography
for fractionation of
PCB and pesticides
evaporation to dryness,
resuspension in a
different solvent

GLC/ECD

mirex, HCB, PCBs

Data not corrected for recovery.
[2.51]

lindane
carp
(whole carp
homogenate,
liver, kidney,
spleen)

GLC/ECD
homogenization of tissues
with hexane:acetone (repeated
3 times), filtration through
anhydrous Na 2S04, lipid
determination,
resuspension in hexane, H2S04
added to hexane extract for
cleanup, centrifugation,
hexanic extract dilution

[2.52]

European
carp, bream,
catfish,
golden perch
(whole)

p,p'-DDE,
O, p'-DDD,
p,p'-DDD,
o,p'-DDT,
p,p'-DDT,
dieldrin

homogenization of tissues
with trisodium citrate,
anhydrous disodium hydrogen
orthophosphate, and Na 2S04;
silicic acid/alumina
chromatography for cleanup

[2.53]

whole fish
composites

p,p'-DDE, p,p'-DDD,
p,p'-DDT, EDDT,
aldrin, endrin,
dieldrin, hept.
epox., heptachlor,
a-HCH, lindane,
methoxychlor

mixture of anhydrous Na 2S04
GLC/ECD
& whole frozen fish
(GLC/MSD for
homogenate, lipid extraction confirmation)
with DCM, concentration, lipid
and moisture determination,
automated GPC for initial
separation of residues from lipids,
concentration, dilution with
a different solvent, Florisil
chromatography for further cleanup
and initial fractionation,
silica gel chromatography
for fractionation of PCBs and
pesticides, evaporation to dryness,
dilution with a different solvent

Aroclors 1242,
1248, 1254, 1260
trans- & cischlordane,
trans- & cisnonachlor
oxychlordane,

GLC/ECD

i

toxaphene,
HCB,
mirex, dactha 1 ,
pentachloroanisole
[2.54]

croaker muscle EDDT (all ortho &
para isomers),
Aroclors 1242
and 1254, B[a]P

tissue homogenization with
ACN, filtration and
reextraction with hexane,
Florisil cleanup

GLC/ECD
(GLC/MSD for
confirmation)

lipid and moisture
determination
Other methods were used for
B[a]P isolation.
[2.55]

whole fish

heptachlor,
homogenization of tissues
photodieldrin,
with anhydrous Na 2S04,
cis-chlordane,
extraction with diethyl
photo-cis-chlordane ether, acetone, and then
(all 14C-labeled)
MeOH; silica gel
or Florisil chromatography
for cleanup

GLC/ECD
and TLC
Radioactivity
also
measured

Some fish were handled slightly
differently.
[2.18]

fish
(whole)

aldrin, chlordane,
EDDT, dieldrin,
endosulfan,
lindane, heptachlor
methoxychlor,
mirex, toxaphene,
PCBs, trifluralin

homogenization of tissues
with Na 2S04:sand, solvent
extraction, liquid-liquid
partitioning for cleanup,
Florisil column
chromatography for further
cleanup and initial
fractionation, silicic acid

GLC/ECD
(3
different
columns for
confirmation)

Ul

o

chromatography for
fractionation of PCBs and
pesticides
[2.56]

rainbow
trout,
bluegill,
catfish
(whole)

DDE, DDD, DDT
(para isomers),
methoxychlor,
lindane, dieldrin,
endrin, malathion,
parathion, PCBs
Some of the
compounds were
14C-labeled.

homogenization of whole
fish tissues with dry ice;
extraction with either
chloroform:MeOH (repeated
3 times) or cyclohexane;
GPC with Sephadex LH-20 or
Bio Beads (various solvents)
for cleanup

[2.57]

crayfish, grey
mullet, eel,
barbel, frog
carp
(muscle)

lindane, DDE,
DDT, PCBs
(also DDD,
aldrin, dieldrin,
heptachlor, hept.
epox., and a-HCH)

homogenization of tissues
GLC/ECD
with Na 2S04, Soxhlet extraction
with hexane, Florisil
chromatography for cleanup and
fractionation into 4 fractions

[2.58]

catfish,
shad,
crappie,
crayfish,
frogs
(whole
or
just muscle
for catfish
& frogs)

a-HCH, /3-HCH,
a-chlordane,
y-chlordane,
compound E,
DDD, DDE, DDT,
dieldrin, endrin,
heptachlor, PCBs,
trans- & cisnonachlor,
toxaphene

homogenization and
GLC/ECD
extraction with pet. ether,
concentration, Florisil
chromatography for cleanup,
concentration, additional
cleanup with Silicar CC-4 column,
concentration, resuspension
in pet. ether

fish and
shellfish
(whole)

DDE, DDD, DDT,
EDDT, HCB,
aldrin, HCH

homogenization of tissues
with anhydrous Na2S04,
Soxhlet extraction with

[2.59,
2.60]

GLC/ECD

lipid and moisture determination
GLC/ECD

and its
metabolites,
dieldrin,
heptachlor,
hept. epox., PCBs

pet. ether, cleanup by
liquid-liquid partitioning
and additional Na 2S04,
concentration, Florisil
column chromatography
cleanup, concentration,
MgO-Celite column for
additional cleanup of one
of the eluates, concentration,
saponification with alcoholic
KOH of MgO-Celite eluate,
repeat MgO-Celite cleanup, concentration

[2.24]

crayfish
and lobster
(hepatopancreas)

EPA "16" except
for endosulfan I
and endosulfan II

MSPD extraction (8 mL ACN)

GLC/ECD

[2.61]

crayfish
(hepatopancreas)

[14C]triclopyr
(a chlorinated
herbicide)

multiple extractions with
acidified acetone and
centrifugation,
C 18 SPE for cleanup,
HPLC fractionation
of parent and metabolites

GLC/MSD

[2.62]

crayfish
(whole)

endosulfan I & II,
endosulfan sulfate

homogenization of ground
frozen tissues with
Na 2S04, extraction with
pet. ether and
centrifugation (repeated
3 more times),
lipid determination,
cleanup by liquid-liquid
partitioning and
additional Ma 2S04,

GLC/ECD
(another
column used
for
conf irmation)

concentration,
Florisil chromatography
for additional
cleanup, concentration
[2.63]

crayfish
(abdominal
muscle,
hepatopancreas)

[2.64]

water snakes
(whole snake
homogenate,
fat, liver,
muscle)

ortho & para
isomers of
DDE & DDD

lindane, endrin,
aldrin, dieldrin,
heptachlor,
hept. epox.,
HCB, DDE, DDD,
DDT, EDDT, SPCBs

FDA's PAM, Vol. I

GLC/ECD
(another
(Florisil procedures modified column used
by using 4% NaCl in
for
hepatopancreatic
confirmation)
tissue samples instead
of 2 % in order to reduce
emulsion formation.)
FDA'S PAM, Vol. I
Data not corrected
for recovery.

GLC/ECD
(another
column used
for
conf irmat ion)

m

u>

As mentioned previously, most analytical methods can
be divided into four basic procedures:

extraction of

lipids and associated pesticides, preliminary cleanup of
extract (bulk removal of lipids), isolation of pesticides,
and detection of pesticides.

Table 2.12 is a summary of

all the extraction, cleanup, isolation, and quantitation
techniques of the methods listed in Table 2.11.

As shown

in Table 2.11, the separation of cleanup and isolation
techniques into two different categories is not always
applicable to a method.

Some of the techniques, such as

the liquid-solid adsorption chromatography techniques, have
been relied upon to both cleanup and fractionate extracts
with one elution.
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Table 2.12 Summary of the references to the methods
organized by extraction/ cleanup/ isolation, and
identification/confirmation technique
I.

Extraction technique

Mixing tissue with

Na 2S04

Mixing tissue with
and sand

Na 2S04

References
2.28, 29, 30, 37, 40, 41,
42,44, 45, 48, 50, 53, 55, 57,
59, 62
2.16, 17, 18 , 20 , 32

Soxhlet extraction

2.17, 29, 35,
50, 57, 59

Solvent extraction

2.16, 18, 20, 28, 30, 31, 32,
33,
34, 36, 38, 39, 41,44,45,
47,
48, 51, 53, 54, 55, 56,
58,
61, 62, 63, 64

Extraction with solvent
under acidic & basic conditions

2.33

Alkaline digestion

2.34

Supercritical fluid extraction

2.49

II.

Cleanup technique

42, 43,

References

Liquid-liquid partitioning
Adsorption chromatography
with Florisil
(or Florisil + Na 2S04)

37, 40,

2.16, 17, 18, 37,
38,42,45,47, 60, 62, 64
2.17, 29, 31, 32, 36, 37, 39,
42, 45, 50, 54, 55, 58, 60,
62 , 63 , 64

Adsorption chromatography with
Florisil and Celite
Adsorption chromatography with
alumina and/or silica gel
Adsorption chromatography with
MgO-Celite

2.38
2.20, 28, 29, 30, 34, 40,
41, 46, 48, 49, 52, 55
2.60
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II.

Cleanup technique

References

Semipreparative LC (solid phase
extraction with Clg cartridges
and other materials)

2.32, 39, 46, 52, 61

Saponification with alcoholic
potassium hydroxide

2.60

H 2S04 (bulk lipid removal by
H 2S04oxidation)

2.35, 51

Gel permeation chromatography
(GPC) or size exclusion
chromatography (SEC)

2.28, 30, 31, 41, 43,
44, 53, 56

III.

Isolation technique

References

Adsorption chromatography with
Florisil

2.16, 18, 20, 33, 44,
47, 53, 57

Adsorption chromatography with
alumina and/or silica gel

2.16, 18, 33, 50, 53

HPLC

2.61

Matrix Solid Phase Dispersion
(MSPD)

2.22, 23, 24

IV.

Quantitation/confirmation
technique

GC/ECD only

References

2.16, 221, 23, 24, 28, 30, 33, 35,
36, 37, 39, 40, 41, 43, 45, 46, 48,
50, 51, 52, 56, 57, 58, 59

GC/MSD only

2.31, 32, 61

GC/ECD with GC/MSD for
confirmation

2.20, 34, 44, 53, 54

GC/ECD with TLC for
confirmation

2.17, 47, 55

GC/ECD with multiple columns
for confirmation

2.17, 18, 38, 42, 47,
62, 63, 64
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METHODS OF ANALYSIS
GAS-LIQUID CHROMATOGRAPHY
The preferred method of analysis for chlorinated
pesticides is gas-liquid chromatography (GLC) with electron
capture (ECD) detection (see Tables 2.11 and 2.12).
Official methods, such as the FDA PAM, originally
prescribed the use of packed GLC column technologies, which
continue to be applied in some analytical laboratories.
These columns have been replaced, however, by wall-coated,
open, tubular capillary columns that provide higher overall
resolution and assurance in the results from GLC pesticide
analysis.

A variety of different polymer phases, column

lengths, and column internal diameters have been applied to
the analysis of the chlorinated pesticides and several
columns designed for the specific analysis of the
chlorinated pesticides are offered by commercial scientific
supply houses.

Columns of moderate polarity (1-5% phenyl,

etc.), length (10-30 m ) , and internal diameters (0.20-0.32
mm) have been used most frequently and provide high
resolution separation of the chlorinated pesticide
components discussed here.

In some instances dual column

analysis, using two columns of different polarities
inserted in the injection port with detection at two
separate detectors, is conducted to obtain a preliminary
confirmation of the identity of the components.

However,

this approach is risky as a confirmatory technique since
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the only variable being exercised is polarity.

For this

reason the use of more specific detectors, particularly
mass spectrometry, is recommended for both quantitation and
confirmation of the analytes.
DETECTORS
Detectors other than ECD have been applied to the
analysis of the chlorinated pesticides after separation by
GLC.

Flame ionization (FI) is applicable but is, of

course, far less sensitive and specific than the use of EC
detection.

Electrolytic conductivity detection (ELCD) in

the halogen mode, atomic emission detection (AED), and mass
spectrometry (MS) in various ionization and detection modes
have been the most commonly and successfully used
alternatives.

Nevertheless, each of these detection

systems has its limitations [2.65].
ELECTRON CAPTURE AND ELECTROLYTIC CONDUCTIVITY
The ECD, for example, will detect compounds that
contain atoms other than chlorine (F, Br), and a sample
that contains brominated compounds and/or a complex mixture
of chlorinated components (toxaphene, etc.) can be
extremely complex and complicated to quantitate.
is true of the ELCD.

The same

Further, these detectors are subject

to overload, losing linearity over a range of two orders of
magnitude for some compounds, and their response is not
proportional to the halogen content of the molecules being
assayed [2.66].

Both detectors are very sensitive to
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contamination of the carrier or detector gases and can be
fouled if proper extraction and cleanup procedures are not
followed.

Nevertheless, ECD detection remains the method

of choice, especially when screening for the presence of
violative levels of the chlorinated pesticides in a large
number of samples.
ATOMIC EMISSION
The AED provides a relatively high degree of
specificity and selectivity in that it will provide
individual plots of the various elements (C, H, N, Cl, Br,
F, 0, P, S, etc.) contained in the analyzed molecules.
This data allows one to calculate or approximate the
empirical formula of the molecule (if all constituent
elements are monitored) and to "deconvolute" overlapping or
potentially interfering peaks.

This is especially useful

in dealing with complex samples that contain a variety of
components and can provide simultaneous analysis of
halogenated pesticides, organophosphorus pesticides,
carbamates, and various herbicides.

However, the expense

of the system and concerns about its ability to provide
empirical formula and quantitative data have slowed its
general application in this field [2 .6 6 ].
MASS SPECTROMETRY
Mass spectrometry has also been used as a selective
detector for the routine analysis of chlorinated pesticides
in a variety of samples from aquatic species [2.67].

Most

commonly this involves simple GLC separation with electron
impact (El), positive ion, total ion analysis with
quadrupole instruments.

A number of prepackaged analysis

and data reduction computer programs are available for
these purposes from a variety of vendors.

Analyses for the

chlorinated pesticides can also be conducted by negative
ion monitoring, and the analyst can often gain a one- or
two- order of magnitude increase in sensitivity in this
mode.

Analysis of these compounds has also been conducted

by negative ion/chemical ionization (NI/CI).

All of these

methods can also be conducted by selected ion monitoring
(SIM), which can greatly enhance sensitivity and
specificity and can provide more accurate quantitative
results.

Computer program packages for these purposes are

also available from commercial sources.

Ion trap-related

MS systems can also provide a similar degree of sensitivity
while providing full scan spectra of the chlorinated
pesticides [2.68,2.69].
MASS SPECTROMETRY / MASS SPECTROMETRY
In general, the use of MS/MS technologies for the
analysis of chlorinated pesticides is instrument overkill
and is not a technique for routine screening or analysis.
However, in dealing with complex samples that have a
variety of interferences, the use of MS/MS can prove to be
of great importance in defining the identity and
concentration of an unknown.

These systems can likewise be

used in the total ion, positive/negative, Cl and/or SIM
mode with or without collision assisted dissociation (CAD)
for these purposes.

MS/MS technology is also of use in

conducting high performance liquid chromatographic analyses
of compounds introduced into the system by electrospray,
thermospray, or other interfaces [2.68-2.72).

However,

such technology is not required for the general screening
and analysis of the chlorinated pesticides but is rather
more applicable in the analysis of non-volatile, highly
polar species.
IMMUNOASSAY
There is growing interest in the development and use
of immunoassays for the screening of aquatic samples for
environmental pollutants [2.73].

A variety of such assays

have been developed that can be applied to the detection of
several of the chlorinated pesticides in water, sediments,
and, perhaps, extracts from aquatic species [2.74-2.76],
Such assays can be developed in a variety of formats and
could be produced for use on-site at aquaculture or seafood
processing facilities.

However, these assays will require

further development and extensive examination of their
cross-reactivities and specificity before finding wide
acceptance, especially by regulatory agencies.
Nevertheless, the use of immunoassay/antigen-antibody
chemistry is the future of the field, providing the ability
to screen large numbers of samples for a variety of
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compounds in a timely manner.

The use of antibodies for

affinity chromatography extraction and cleanup will also
have a large impact in the future on the ability to perform
analyses for chlorinated pesticides in aquatic species in
an inexpensive and rapid manner.

INTERLABORATORY CALIBRATION
Analytical data concerning chlorinated hydrocarbon
pesticide residues in edible aquatic resources must be
easily interpretable, unambiguous, valid, and reliable in
order to support the decisions made by a regulatory agency
to condemn contaminated products.

Ideally, contaminated

meat is condemned and removed before it enters commercial
markets in order to limit the amounts of chemical residues
entering the human food supply.

The presence of

chlorinated hydrocarbon pesticide residues in edible
aquatic species continues to cause concern because of the
yet unknown health effects of these chemicals.

Many of the

chemicals are classified as suspected carcinogens [2.77].
In order to obtain acceptable data, regulatory
agencies on both state and federal levels that are
currently involved in seafood monitoring must use one of
the few "approved" methods for pesticide residue analysis.
These are the methods that have undergone the rigorous
multi-laboratory calibration studies necessary to achieve
the Association of Official Analytical Chemists (AOAC)
Official Method status.

The methods in the FDA PAM are
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mostly AOAC approved and designated as such in the manual
[2.9].

Often funds are not available for developing and

testing new methods even though the existing methods often
fail to be simple, rapid, safe to workers, and cost
effective.
For its environmental monitoring programs, the EPA
has an interlaboratory quality assurance program which
functions for state and private laboratories working under
contract for either the U.S. Department of Health and Human
Services or the EPA [2.15].

The program requires all

participants to periodically analyze "check samples,"
samples prepared by a coordinating laboratory with an
undisclosed level of residue, in order to "assess the
continuing capability and relative performance" of the
participant [2.15].

In addition, the program provides

certain nonprofit laboratories with analytical grade
pesticide reference standards.

All laboratories must

follow the standard analytical methods in the EPA manual
[2.11] and use standard materials supplied by the EPA.
the-job training and assistance may be provided.

On-

The EPA

also runs an electronic facility for maintenance of
laboratory instruments.

STANDARD REFERENCE MATERIALS
Primary reference standards are analytical grade
standards that are greater than or equal to 99% pure.
There are several commercial sources for primary standards

of the chlorinated pesticides.

Supelco, Inc.

(Beliefonte,

PA) guarantees most of their standards to be 99% pure, none
less than 96% pure.

Crescent Chemical Co., Inc.

(Hauppauge, NY) offers Riedel-De Haen's High Purity
Pestanal Standards (neat) and also EPA RTHM standards
(CRADA*) , which are supposed to be identical to those
formerly supplied by the EPA repository.

The standards

maintained by the EPA Quality Assurance Program are no
longer available free of charge to any laboratory that
requests them.

The EPA standards are now only supplied to

specific laboratories.

REPORTING OF ANALYTICAL RESULTS
LIMIT OF QUANTITATION
The limit of quantitation (LOQ) refers to the lowest
concentration of residue in a sample which can be reliably
measured.

For any given method, analytical limits should

be defined for each pesticide.

These limits should be in a

range consistent with the tolerance levels established for
the pesticides in the various aquatic species.

Some of the

FDA Action Levels for chlorinated pesticides in fish are
5.0 /zg/g for ZDDT (total DDT) and toxaphene and 0.3 jug/9
for dieldrin, chlordane, and heptachlor epoxide [2.7].

If

analyses at levels other than tolerance levels are desired,
the analyst should establish the LOQ and the limit of
detection for the sample and method used.

65
LIMIT OF DETECTION
The limit of detection (LOD) refers to a level of
residue in a sample to which a detector will give a
response above baseline but which cannot be confidently
related to a concentration.

Detection limits for the

National Status & Trend's Mussel Watch Project from 19861988 ranged from 0.25 to 2.0 ng/g on a dry weight basis for
dieldrin analyses performed in three different laboratories
[2.78],

Detection limits for DDT, chlordane,

hexachlorobenzene,
range.

lindane, and mirex were also in this

Note that the FDA Action Levels for many of these

pesticides are much higher than these detection limits
[2.7,2.79].
METABOLITES OR DEGRADATION PRODUCTS
Because of the time lapse between the present and
when most of the chlorinated pesticides were first banned,
the residues found in tissues of aquatic species sampled
from natural habitats are most likely in their most stable
form, whether parent compound, metabolite, or decomposition
product.

For example, heptachlor and aldrin are slowly

biotransformed to heptachlor epoxide and dieldrin,
respectively, and have been reported to be more likely to
occur as residues in mammalian tissues than the parent
compounds [2.19].

This occurrence would probably hold true

for tissues of aquatic origin as well.
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DDT also undergoes slow biotransformation in
mammalian and many aquatic species.

Its major metabolic

products are DDE, DDD, and DDA (1,l-dichloro-2,2-bis[pchloropheny1]acetic acid)

[2.80].

Because of its water

solubility, DDA is the only product to be easily excreted.
The other two products are highly lipophilic and
persistent.

Therefore, most tissue analyses yield a

combination of DDT, DDE, and DDD.
DDE, DDD, and DDA may also be formed
nonenzymatically.

DDT released into and remaining in the

environment (organic material and sediments) may have been
undergoing nonenzymatic decomposition for many years.

In

general, any exposure from environmental or food sources
will more than likely be in the form of DDT or one of its
lipophilic metabolites.

As a result, this pesticide and

its metabolites become biomagnified to significant levels
in some organisms.
The a-, /S-, and 7 -isomers (lindane) of
hexachlorocyclohexane (HCH) are biotransformed by
dechlorination, glutathione conjugation, and aromatic ring
hydroxylation into excretable phenolic products [2.80].
However, the reactions occur very slowly with jS-HCH.
Therefore, this isomer has been reported to be the
predominant tissue residue [2.80].
There is a lack of information about the occurrence
of other chlorinated pesticides and their metabolites in
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aquatic species.

For example, endosulfan sulfate, one of

the sixteen pesticides covered in this chapter, is a
metabolite of endosulfan.

It has been reported that at

least one aquatic species (crayfish) does not metabolize
endosulfan [2.62],

Therefore, unless crayfish can

bioaccumulate pre-existing residues of endosulfan sulfate
from sediment or decaying vegetation, the sulfate
metabolite would not likely be found in screening
procedures applied to crayfish tissues.
DRY WEIGHT VERSUS WET WEIGHT
Unless tissue moisture content is determined, data is
presented on a wet weight basis.

For example, the FDA

recommends against human consumption of seafood containing
more than 5.0 fig/g of 2DDT on a wet weight basis [2.79].
Molluscan tissues have been determined to be approximately
80% water.

Therefore, the corresponding FDA residue limit

on a dry weight basis would be 25.0 ng/g.

Normalizing

residue burdens to a dry weight basis permits comparisons
among aquatic species with different moisture contents.
LIPID WEIGHT
Presenting residue burden data on a lipid weight
basis is important with respect to environmental monitoring
of chlorinated pesticides.

Burden levels may change with

the seasons in certain aquatic organisms such as mussels.
The levels change as the lipid content of the organisms
change.

Lipid reserves increase during the months of
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gamete production and decrease when the mussels release the
gametes [2.35].

Therefore, normalizing residue burdens to

a lipid weight basis permits comparisons within species
with seasonal fluctuations in fat content and also permits
comparisons of tissue burdens among different aquatic
species with intrinsic differences in fat content.

GENERAL COMMENTS
As the preceding information indicates, there is
sufficient methodological data concerning the analysis of
edible aquatic species for chlorinated pesticides to
formulate an opinion concerning their appropriateness and
use in developing new or future directions for the field.
As underscored by the General Accounting Office report of
1986 [2.81], there is an existing need to dramatically
increase the numbers and types of samples analyzed for
chlorinated pesticides as well as other compounds in the
environment.

A governmental monitoring program for

aquacultured and wild caught species is also proposed for
the United States and is already underway in a number of
other nations.

Both of these needs will foster a demand

for new multiresidue methodologies that are capable of
handling the expected sample load and that will do so in a
cost-efficient and rapid manner.
The "official" methods presented here are based on
classical techniques that have evolved through and
withstood the test of time and use.

Methods become

classical for a reason.

They work.

However, these methods

are not capable of analyzing an order of magnitude or more
samples without producing greatly increased costs for
testing and a laboratory gridlock in the effort to impose
such lengthy, labor-intensive methods on a task that
requires speed and reduced costs.

Nevertheless, such

"validated” methodology has its place in the determinative
or quantitative phase of pesticide analysis and in the
final confirmation of results that will be taken before a
court or regulatory body.

The greatest failure is their

use as a screening technique, for which they continue to be
used today.

These methods are not sufficiently fast to

provide data on a time line that includes the prevention of
contaminated foods from entering the marketplace.
Presently, results are obtained after the fact and
penalties are levied after the "damage" has been done to
the consumer.

Further, these methods require large volumes

of solvents, many of which are of greater environmental
concern than the compounds they are used to isolate.

Much

of this solvent is evaporated into the atmosphere,
contaminating millions of cubic feet of air, or may be
improperly disposed of, leading to further contamination of
aquifers and aquatic habits and resources.

One of the

greatest costs in analysis today, other than employee
costs, is the purchase price and subsequent disposal costs
of organic solvents and wastes.

In many cases the disposal
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costs of a given solvent per liter now exceeds the original
purchase price.

For these reasons alone the use of these

"official” methods should be severely curtailed and phased
out as new "official" methods are developed and validated
and as new methodology for the screening of samples begins
to be developed and implemented.
Most of the information for the variety of species
examined to date involves the use of "classical" or
modified classical methodology.

There have been recent

advances in the field, however, that offer a degree of
optimism concerning our ability to address these analytical
problems.

These techniques are supercritical fluid

extraction (SFE), matrix solid phase dispersion (MSPD) and
solid phase extraction (SPE), immunoaffinity column
isolation technologies, and immunoassay-based methods for
rapid screening and detection.
SFE has the potential to provide an in-line
extraction, cleanup, and analysis procedure for the
chlorinated pesticides from a variety of matrices.

Since

water interferes with the extraction process, the current
practice is to blend the sample (< 10 g) with diatomaceous
earth, which adsorbs the water [2.21].

The eluate obtained

is then trapped, and the co-eluted fats are subsequently
removed by Florisil or alumina column chromatography.

This

latter requirement complicates the process and detracts
from the advantages initially gained.

It would be feasible

to blend the sample with polymer-coated silicas, as is done
in the MSPD process, so as to remove water and to provide
an initial stage of fractionation at the point of elution
of the analytes with supercritical solvent and modifiers.
In-line cleanup could also be conducted by using disposable
or reusable SPE cartridges or newer disc SPE technologies
and changing the pressures of the supercritical fluid.
Coupling this system directly to an LC/MS type interface or
a GLC interface could provide a complete analytical process
for the desired analysis.

The field of SFE is still

evolving but has the potential to provide a near
solventless,

in-line, automated process for the rapid

analysis of the chlorinated pesticides as well as other
lipophilic species from edible aquatic resources.
Matrix solid phase dispersion (MSPD) likewise has the
potential to meet the future demands for conducting
pesticide analysis.

This process, which involves the

blending of the sample (0 .1- 1.0 g) with lipophilic-polymerderivatized silica particles, provides a method for the
simultaneous disruption and dispersion of the sample,
producing a multiphasic column packing material that
possesses unique chromatographic character.

Elution of the

MSPD column with a solvent or solvent sequence can provide
a high resolution fractionation of target analytes that can
be enhanced by the simultaneous use of co-columns of
silica, alumina, or Florisil.

The final eluate can, in

most cases, be taken directly to analysis or can be further
concentrated or manipulated to meet the demands of the
individual analysis.

MSPD has been used to provide a two-

step process for the multiresidue analysis of chlorinated
pesticides in fish, oysters, and crawfish hepatopancreas.
This process, when compared to classical methods, reduces
solvent use by 98% and the time of analysis by 97%.
Further, once the MSPD column is prepared, the process of
solvent elution, collection, and analysis can be turned
over to robotics, thus allowing the process to be applied
to a large number of samples.

The MSPD process is a

microscale method compared to classical methodology and
care must be taken that the small aliquot assayed is
representative of the sample analyzed.

This is readily

accomplished by using a subsample of the tissue to be
assayed after it has been minced in a blender.

By reducing

the sample size, smaller quantities of solvents are needed
and less total lipid and co-eluates are present.
less total analyte is also present.
that it requires less manipulation,

However,

The advantages are
if any, to clean up the

sample and that the capacities of subsequent SPE or
adsorption chromatographic materials are not overwhelmed by
the quantities of co-extracting interferences that are
therein removed.

This allows the final extract to be taken

up in a smaller final volume, which compensates for the
smaller sample size as compared to classical methods.

Given that the tolerance levels for the chlorinated
pesticides are relatively high, the use of a smaller sample
does not compromise the analytical result.

Similarly,

larger sample sizes (10 g) of aquatic species have been
extracted for chlorinated pesticide analysis by blending
with solvent and cleaned up using a sequence of solid phase
extraction columns to give excellent results [2.39].

These

approaches offer a potentially automatable mechanism for
the more rapid extraction of the chlorinated pesticides
while simultaneously reducing solvent use, overall costs,
and data turn around time.

The extracts obtained from

these methods can be screened by GLC/ECD or GLC/MS.
However, they could also be used in screening formats based
on immuno- or receptor assays.
Biotechnology will be the field that will most
greatly advance and revolutionize analytical chemistry in
the near future.

Theoretically, the chlorinated pesticides

could be assayed by molecular probes or enzyme/receptorbased electrodes inserted directly into the sample.
However, until such technology is fully available, we may
apply the growing field of immunology-based detection and
quantitation systems to assist us in solving the problems
presently inherent in conducting chlorinated pesticide
analysis.

As described here, there are presently several

commercially available immunoassay kits for the screening
and/or quantitation of some of the chlorinated pesticides.
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Others could be developed if the market for them is
created-

Such technology, coupled with rapid isolation

procedures such as MSPD or SPE, would allow the analyst to
determine the presence and the relative level of
contamination of hundreds of samples in a short time frame,
especially in comparison to similar screening conducted for
the same number of samples by GLC/ECD, GLC/MS, SFE/MS, or
other instrumental methods of analysis.

However, the

reliance on such technology will require a complete
understanding of the assay's specificity, sensitivity, and
susceptibility to false positive and/or false negative
results.

This is not a trivial task but can be

accomplished with the proper conjunction of academic,
industry, and regulatory agency input and support.

The

development of these technologies could also produce
immunoaffinity column materials that could be used to
provide a solventless extraction system for the overall
analysis.
Since there is a large variety of edible aquatic
animal species that will require monitoring, it is unlikely
that any one approach will be completely applicable to all
chlorinated pesticide analyses.

Each will require a degree

of modification for a given application.

However,

it is

evident that existing official methods should be phased out
in favor of newer technologies that require less sample,
less solvent, less employee time, and less cost per sample.
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This review offers a summary of the existing methodology
for the analysis of chlorinated pesticides in edible
aquatic species and offers an opinion on the future
directions for the field.

In this age of environmental

concern and the recognition of our environmental
difficulties and our culpability in them, it is hoped that
this information will serve to further the effort to define
and ameliorate our past environmental misdeeds.
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CHAPTER 3
MATRIX SOLID PHASE DISPERSION (MSPD)EXTRACTION
AND
GAS CHROMATOGRAPHIC SCREENING OF
14 CHLORINATED PESTICIDES IN
OYSTERS (Crassostrea virginica)
INTRODUCTION
The Food Safety and Inspection Service (FSIS) 1990
Annual Residue Plan [3.1], a residue monitoring program for
all domestic and imported food animal species in this
country, includes many of the chlorinated hydrocarbon
pesticides currently and previously used in agriculture.
These pesticides are of concern because they persist in the
environment and animal tissues [3.2] and because their
health significance in humans is not known.

Some of the

pesticides are still classified as suspected carcinogens
[3.3].

Statistical associations between high pesticide

concentrations in human tissue and certain diseases have
been reported [3.4].

One study reports an association

between prematurity and DDE levels in fetal whole blood
[3.5],

On the other hand, other studies indicate no

associations between human pesticide residues and disease
[3.6-3.9].

Because the human health effects have not been

satisfactorily evaluated, programs such CiS the Annual
Residue Plan are essential in order to monitor the presence
of the pesticides in the human food supply.
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Although oysters are a human food, they are not
presently included in the Annual Residue Plan.

However, in

order to better protect the human food supply, government
agencies, such as the National Marine Fisheries Service
(NMFS) and the Food and Drug Administration (FDA), may soon
be requested to include oysters in mandatory programs to
determine oyster bed contamination [3.10,3.11].
In addition, oysters are commonly used as
bioindicators of pollution [3.12-3.16].

For example,

scientists from the Benthic Surveillance and Mussel Watch
Projects (of the National Oceanic and Atmospheric
Administration [NOAA] within its National Status and Trends
Program) use bivalve mollusks to detect pesticide
contamination of coastal waters and at estuarine sites of
the United States [3.12].
The above agencies that monitor the human food supply
and the environment could benefit from a quick, simple, and
inexpensive screening protocol for detecting chlorinated
hydrocarbon pesticides in oysters and related mollusks.
The purpose of this study was to develop a new, rapid,
and simple screening protocol to detect 14 chlorinated
pesticides in oysters.

The need for a new screening

protocol exists because many screening protocols are
limited by the techniques for extracting the pesticides
from various tissues.

These techniques often involve

extensive tissue preparation and several extractions
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followed by extract purification and concentration before
analysis by gas chromatography [3.17-3.19].

Therefore, the

extraction process makes many screening protocols timeconsuming, complicated, and because of the requisite large
volumes of solvent, expensive to perform, especially for a
large number of samples.
Recently, a multiresidue extraction technique called
Matrix Solid Phase Dispersion (MSPD) was developed [3.203.22], which eliminates many of the difficulties associated
with extracting various residues from animal tissue.

In

this process, homogenization and dispersion of a small
amount of tissue to a solid support is performed in one
step; elution of pesticides (or other compounds) from a
single, potentially multiphasic column is performed in
another.

The tissue actually becomes part of the column.

Only an 8 -mL volume of extracting solvent is needed.

In

many cases samples can then be injected onto the gas
chromatography apparatus without further cleanup.

Less

solvent waste is produced with these methods, which
supports general efforts to protect the environment.

In

this study the MSPD methods were optimized for and applied
to the isolation of 14 chlorinated pesticides from oysters
for subsequent gas chromatographic, electron capture
detector determination.
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EXPERIMENTAL
The multiresidue Matrix Solid Phase Dispersion (MSPD)
pesticide extraction method reported by Long, Soliman, and
Barker [3.20] was used in this study.

However, the

following modifications were made in order to include more
pesticides (i.e., 14 vs. 9) and to optimize the assay for
oyster tissue:
REAGENTS
(a) Pesticides and internal standards.— Pesticide
standards (a-BHC [319-84-6]; /3-BHC [319-85-7]; lindane [5889-9]; heptachlor [76-44-8]; aldrin [309-00-2]; heptachlor
epoxide [1024-57-3]; p,p'-DDE [72-55-9]; dieldrin [60-571]; endrin [72-20-8]; 4,4'-DDD [72-54-8]; endrin aldehyde
[7421-93-4]; p,p'-DDT [50-29-3]; endosuifan sulfate [103107-8]; and methoxychlor [72-43-5]) and internal standards
(5-BHC [319-86-8]; decachloro-biphenyl; and 2,4,5,6tetrachloro-m-xylene) were purchased from Supelco Inc.,
Beliefonte, PA.

Another internal standard, dibutyl

chlorendate, was purchased from Chemical Research Supplies,
Addison, IL.
(b) O y s t e r s Whole oysters,
obtained from a local market.

(Crassostrea virqinica) .

Tissues from 5 to 10 oysters

were pureed in a blender to a homogeneous, smooth liquid
and stored (-3.0 g aliquots)
needed.

in glass vials at -29°C until
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PREPARATION OF STOCK PESTICIDE SOLUTIONS AND
INTERNAL STANDARDS
Eight of the pesticides (lindane, heptachlor, aldrin,
p,p'-DDE, dieldrin, endrin, p,p'-DDT, and methoxychlor)
were purchased dissolved in iso-octane at 200 /xg/mL.

The

stock solutions were admixed and then serially diluted with
iso-octane to make mixed pesticide solutions containing
1.3, 2.5, 5.0, 10.0, and 20.0 fxg/mh of each pesticide.
The remaining six pesticides (a-BHC, /3-BHC, heptachlor
epoxide, 4,4'-DDD, endrin aldehyde, and endosulfan sulfate)
were purchased dissolved in methanol and methanol:methylene
chloride (98:2) at 20 /xg/mL.

The stock solutions were

admixed and then serially diluted with methanol to make
mixed pesticide solutions containing 0.2, 0.4, 0.8, 1.7,
and 3.3 fxg/mL of each pesticide.
The S-BHC was obtained in methanol:methylene chloride
(98:2) at 20 jug/mL.

No further preparation was required.

However, the other three internal standards (dibutyl
chlorendate in methanol [200 jug/mL], decachlorobiphenyl in
acetone [200 /xg/mL], and 2 ,4 ,5 ,6 -tetrachloro-m-xylene in
methanol [200 jxg/mL] were diluted with their respective
solvents to make three internal standard solutions at 25
jtxg/mL.
PREPARATION OF SAMPLE EXTRACTS
Pesticide fortification levels in tissue were as
follows:
(a) 5 /xL— £-BHC, 100 ng/0.5 g tissue or
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5 /iL— dibutyl chlorendate, 125 ng/0.5 g tissue or
5 /iL— decachlorobiphenyl, 125 ng/0.5 g tissue or
5 /xL--2,4,5, 6 -tetrachloro-m-xylene, 125 ng/0.5 g
tissue
(b) 12.5 /iL— the various pesticide stock solution
mixtures of 8 pesticides
(c) 75

/iL*— the various pesticide stock solution
mixtures of 6 pesticides

Fortification levels resulted in final concentrations of
15.6, 31.3, 62.5, 125, and 250 ng of each pesticide/0.5 g
oyster tissue.
The fortified samples were allowed to stand for 5
minutes after the last pesticides were added.
were then blended with the C18.

The samples

As previously described

[3.20], this material was transferred to a 10 mL syringe
barrel column that contained 2 g activated florisil.

Two

filter paper discs (Whatman No. 1, 1.5 cm diameter) were
placed on the column head, and the column was compressed to
7.5 mL with a syringe plunger that had the rubber end and
pointed plastic portion removed.

A plastic pipet tip (100

/iL) was placed on the column outlet to increase the
residence time of the eluting solvent on the column.
The pesticides were eluted by gravity flow with 8 mL
of acetonitrile:methanol (90:10) into a 5 mL conical
screwthread disposable glass centrifuge tube.
ceased after 25 minutes.

Flow usually

After 27 minutes positive
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pressure was applied to all the column heads in order to
collect the remaining solvent.

The final recovered extract

volumes varied between 4.7 and 4.8 mL.

The entire

procedure took approximately 40 minutes to complete.
GAS CHROMATOGRAPHY APPARATUS
Gas chromatograph.--A Varian Vista 6000 was equipped
with a DB-5 column, 30 m X 0.25 mm id, 0.2 um coating (J &
W Scientific, Folsom, CA).

The column temperature program

was 120°C for 2 min, and was increased at 10°C per min to
290°C, then held for 4 min.

A splitless injection with

purge function activated at 0.75 min post-injection was
used.

Injection port temperature was 200°C.

capture detector was held at 300°C with a

An electron

-0.10 mV and 10

mV full scale range sensitivity attenuated by 32.

Carrier

gas was ultra-high purity nitrogen at a calculated linear
flow rate of 15 cm/s.
DATA ANALYSIS
The peak area ratio (PAR) for each extracted pesticide
at each concentration was determined by dividing the peak
area of each pesticide standard by the peak area of the
internal standard.

Percentage recoveries were then

determined by comparing the PARs of the extracted
pesticides to the PARs of non-extracted pesticides run
under identical conditions on the gas chromatography
apparatus.

To determine inter-assay variability, the PARs

for 5 replicates at each concentration (3.1, 6.3, 12.5, 25,

and 50 ng/mL, 2 11L injection volume) were calculated.
These 5 values were averaged to give means ± standard
deviations (SD) and coefficients of variation (CV).

The

CVs determined for each concentration were then averaged to
give a mean ± SD for each pesticide.

These values

represented the inter-assay variability.

(Inter-assay

variability represents the inherent variability that exists
among extraction procedures and the variability that
results from any lack of uniformity in the physical conduct
of the extraction procedures.)

The values for intra-assay

variability were the CVs for the means ± SD of 5 replicates
of the same sample.

(Intra-assay variability represents

the variability associated with the analytical
instrumentation us e d.)

Finally, standard curves and

correlation coefficients from linear regression analysis
were generated by plotting the average PARs (n=5) of
extracted pesticide standards at each concentration.

RESULTS AND DISCUSSION
The 14 pesticides at levels of 31.3, 62.5, 125, 250,
and 500 ng/g in oyster tissue were extracted by MSPD
methods adapted from previously reported methods [3.203.22] applied to catfish and beef muscle and beef fat.

The

pesticides were readily detected by gas chromatography with
electron capture detection (Figures 3.1 and 3.2).
Representative gas chromatograms of blank samples (Figures
3.3, 3.4, and 3.5) showed minimal interferences in the
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Figure 3.1 Representative gas chromatogram obtained from the
electron capture detector analysis of the acetonitrile:methanol
(90:10) extract of oyster homogenate fortified with pesticides
at 250 ng/g (2 /xl injection volume) . Peak identities are a-BHC
(1), /3-BHC (2), lindane (3), 5-BHC (4), heptachlor (5), aldrin
(6), heptachlor epoxide (7), p,p'-DDE (8), dieldrin (9), endrin
(10), 4,4'—DDD (11), endrin aldehyde (12), p,pf-DDT (13),
endosulfan sulfate (14), and methoxychlor (15).
VO

u

Figure 3.2 Representative gas chromatograms obtained from the
electron capture detector analysis of the acetonitrile:methanol
(90:10) extract of oyster homogenate fortified with pesticides
at 31.3 ng/g (2 jil injection volume). Peak identities are a-BHC
(1),0-BHC (2), lindane (3), 5-BHC (4), heptachlor (5), aldrin
(6), heptachlor epoxide (7), p,p'-DDE (8), dieldrin (9), endrin
(10), 4,4/-DDD (11), endrin aldehyde (12), p,p'-DDT (13),
endosulfan sulfate (14), and methoxychlor (15).
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Figure 3.3 Gas chromatogram obtained from the
electron capture detector analysis of the
acetonitrile extract of a blank control.
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Figure 3.4 Gas chromatogram obtained from the
electron capture detector analysis of the
acetonitrile:methanol (75:25) extract of a blank
control.
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Figure 3.5 Gas chromatogram obtained from the
electron capture detector analysis of the
acetonitrile:methanol (90:10) extract of a blank
control.
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region of the pesticide elution times.

Correlation

coefficients for the 14 extracted pesticide standard curves
(linear regression analysis, n=5) ranged from 0.9849 to
0.9980.

Average relative percent recoveries (66 ± 12.7% to

84 ± 25.3%, n=25 for each pesticide), inter-assay
variability (13.6 ± 8 .8 % to 30.2 ± 9.1%, n=25 for each
pesticide), and intra-assay variability (5.8-11.8%, n=5 for
each pesticide)

indicated that the MSPD methodology allowed

for the successful extraction and determination of the 14
chlorinated pesticides in oyster tissues (Table 3.1).
The adaptations that were required for oyster tissue
were: 1 ) changing the eluant from acetonitrile to a mixture
of acetonitrile and methanol (90:10) and 2) using 5-BHC as
the internal standard instead of dibutyl chlorendate
[3.20].

As previously mentioned, a unique feature of the

MSPD method is that the complex biological matrix being
analyzed becomes part of the extraction column.

Therefore,

the various components of this matrix can influence
recovery efficiency of analytes.

Also, different matrices

will result in different co-extracting compounds that may
produce interference.

The distribution of muscle and fat

in oyster differs from that in beef and catfish, which were
the matrices of the Long et al.

[3.20-3.22] studies.

Mollusks are also known to contain a wide variety of
atypical sterols [3.23], unlike marine crustacea and
vertebrates in which cholesterol predominates.

While the
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Table 3.1 Relative percentage recoveries, average
percentage recoveries, intra- and inter-assay variability
percentages for the 14 chlorinated hydrocarbon pesticides
isolated from fortified whole oyster homogenate
(concentrations 31.3-500 ng/g).
Recovery,%
(n=5)

a
b
c
d

Cone.
ng/g

tt-BHC

J8-BHC

Lindane

Heptachlor

Aldrin

31.3

66 ± 16

65 ± 40

73 ± 23

65 ± 15

50 ± 15

62.5

84 ± 10

95 ± 30

78 ± 10

83 ± 19

69 ± 8

125

79 ± 8

84 ± 17

83 ± 6

81 ± 10

73 ± 7

250

86 ± 14

87 ± 12

82 ± 17

78 ± 17

74 ± 16

500

72 ± 9

86 ± 17

75 ± 6

69 ± 3

65 ± 2

Ave%
rec.a

77 ± 13

84 ± 25

79 ± 13

75 ± 15

66 ± 13

IAV%b

5.8

11.8

6.1

7.9

7.4

IRV%°

15 ± 6

29 ± 18

16 ± 10

16 ± 8

14 ± 9

rd

0.9970

0 .9980

0.9915

0.9864

0.9930

n=25
intra-assay variability, n=5
inter-assay variability, n=25
correlation coefficient from linear regression analysis,
n=5
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Table 3.1
Recovery,%
n=5

a
b
c
d

Cone.
ng/g

Heptachlor
epoxide

31.3

71 ± 17

62.5

/_ DDE

Dieldrin

Endrin

4,4'-DDD

63 ± 11

57 + 13

65 ± 10

63 ± 18

88 ± 17

78 + 16

67 + 15

66 ± 14

79 ± 16

125

82 ± 6

87 + 16

83 + 14

76 ± 7

78 ± 10

250

92 ± 15

86 + 17

82 + 19

80 ± 17

91 ±13

500

74 ± 9

91 + 14

79 + 6

80 ± 4

90 ± 17

Ave%
rec.‘

82 ± 15

81 + 17

74 + 16

73 ± 13

80 ± 17

IAV%b

9

9

9 .6

7.7

8.1

IRV%C

16 ± 6

18 + 2

18 + 7

14 ± 7

19 ± 7

rd

0.9950

0 .'9879

0.9849

0.9854

0.9950

P/P

n=25
intra-assay variability, n=5
inter-assay variability, n=25
correlation coefficient from linear regression analysis,
n=5
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Table 3.l
Recovery,%
n=5
Cone.
ng/g

Endrin
aldehyde

p ,p '-DDT

Endosulfan
sulfate

Methoxychlor

31.3

59 ± 18

53 ± 7

78 ± 25

53 ± 11

62.5

65 ± 12

59 ±15

75 ± 30

72 ± 31

72 ± 13

73 ± 27

79 ± 33

125

a
b
c
d

70 ± 10

250

75 ± 13

76 ± 14

86 ± 14

89 ± 10

500

69 ± 18

88 ± 16

70 ± 20

72 ± 8

Ave%
rec.“

68 ± 14

70 ± 18

77 ± 22

69 ± 22

IAV%b

7.5

8

9.4

10.2

IRV%C

21 ± 7

19 ± 5

30 ± 9

26 ± 16

rd

0.9980

0.9899

0.9950

0.9980

n=25
intra-assay variability, n=5
inter-assay variability, n=25
correlation coefficient from linear regression analysis,
n=5
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anatomical distribution of the many different types of
sterols in the American oyster, Crassostrea virginica, has
not been clearly established, the presence of unusual
nonmethylene-interrupted dienoic (NMID) fatty acids has
been reported [3.24].

The NMID fatty acids have previously

only been observed in a few plant species.

In addition,

the sulfated heteropolysaccharides, other structural
components isolated from oyster viscera [3.25], are thought
to be a new type.

Because of these unique structural and

biochemical properties of oysters, the need for a new
solvent system was anticipated and found to be necessary
for the best recovery of the determined pesticides.
Three elution profiles were examined.

Pure

acetonitrile gave the cleanest extracts (Figure 3.3).
However, percent recovery fell at the lower pesticide
concentrations.

For example, at the 31.3 ng/g

fortification level, recoveries ranged from 0 % for
methoxychlor up to only 45% for endosulfan sulfate.

A

mixture of acetonitrile:methanol (75:25) extracted more
non-pesticide components (Figure 3.4).

The mixture of

acetonitrile:methanol (90:10) produced the cleanest
extracts (Figure 3.5) and highest consistent pesticide
recoveries.
In addition, several internal standards were evaluated
because dibutyl chlorendate, which was previously used
[3.18,3.19], was unobtainable in pure form.

Decachlorobiphenyl, which is recommended by the EPA for
pesticide analysis methods, had an inconsistent extraction
recovery and variable peak areas.

However, some of the

variability in peak area may have been due to the
compound's long retention time on the capillary column
(29.89 min).

Another examined compound, 2,4,5,6-

tetrachloro-m-xylene, eluted early from the capillary
column (12.72 min) and was frequently interfered with by
non-pesticide compounds.

Only 5-BHC, one of the less

important isomers of hexachlorocyclohexane (benzene
hexachloride), extracted consistently with the other
pesticides and had an appropriate retention time on the
capillary column.

When screening for organochlorine

pesticides, it's use as an internal standard would
consequently make it difficult to quantitate if present in
the biological matrix.

However, only the gamma isomer,

lindane, is the effective insecticide among the 8
stereoisomers of hexachlorocyclohexane, being from 50 to
several thousand times as toxic as the alpha or delta
isomers [3.26].

Early technical mixtures of

hexachlorocyclohexane contained mostly the gamma and beta
isomers with some of the alpha isomer also present [3.27],
The delta isomer was usually not in the preparations.
Furthermore, because the strength of this assay is its
speed and simplicity as a screening procedure, the use of
5-BHC as an internal standard is not an absolute hindrance.

The combined effect of the Clg and florisil makes this
extraction column truly efficient when working with the
large number of pesticides and a very complex biological
matrix such as oyster homogenate.

In this column, the

tissue being analyzed is combined with C 18 to make a
reversed-phase component for retaining neutral compounds.
Florisil, the second component of the column has
historically been used for chromatographic cleanup of
pesticide extracts [3.2,3.17-3.19,3.28,3.29] and removes
compounds too polar to be eluted by all but the most polar
solvents.

For example, in the mixture of

acetonitrile:methanol (75:25), the high concentration of
methanol caused removal of more non-pesticide compounds
from the florisil.

However, 10% methanol helped with

recovery of the pesticides without apparently removing
other interferences from the florisil.
It has been demonstrated that extraction of many
different types of compounds from many different types of
tissues can be performed with this column by simply
changing the solvent system [3.20-3.22].
not as adaptable.

Other methods are

For example, methods for some tissues

require additional cleanup steps or chemical agents to
further separate the pesticide residues from interfering
biological substances prior to chromatographic analysis of
an extract, which can severely complicate and lengthen the
time for analysis.

The cleanup agent (H2S04) of one method
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[3.19]

actually destroys one of the pesticides being

analyzed (dieldrin).

However, the MSPD methods did not

require these additional cleanup steps because very little
of the oyster homogenate incorporated into the column was
extracted along with the pesticides.

The average amount of

tissue and pesticide residue present in the eluate was 3.73
mg (n=5), which was only 0.75% (on a wet weight basis) of
the original amount of tissue and pesticide mixed with C18.
Therefore, the 2 nL injection volumes of eluate contained
only 1.5 iig of material, a portion of which was pesticides.
The results of this study are based on fortified
samples.

Incurred samples would be ideal but were not

available and were outside the scope of this methods
development research.
In conclusion, the MSPD methods were easily applied to
extracting the 14 chlorinated pesticides from oyster
tissue.

The procedure is simple and rapid and requires

only small samples and volumes of solvent.

The outlined

methods may serve in rapid screening protocols for
pesticides in oysters in order to detect food supply
contamination.

In addition, they may be applied to

environmental monitoring programs to screen for pesticides
in oysters and other mollusks in the organisms' natural
habitats or where placed as biomonitors.
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CHAPTER 4
EXTRACTION AND
GAS CHROMATOGRAPHIC SCREENING OF
14 CHLORINATED PESTICIDES IN
CRAYFISH (Procambarus clarkii) HEPATOPANCREAS
INTRODUCTION
Chlorinated hydrocarbon pesticides are included in the
Food Safety and Inspection Service (FSIS) 1991 Annual
Residue Plan [4.1], a residue monitoring program for all
domestic and imported food animal species in this country.
These pesticides are of concern because they persist in the
environment and animal tissues [4.2] and because their
health significance in humans has not been satisfactorily
evaluated.

Some of the pesticides are still classified as

suspected carcinogens [4.3].
Crayfish are at high risk to be contaminated by
agricultural chemicals, such as the chlorinated hydrocarbon
pesticides, because these Crustacea are often commercially
harvested either 1 ) from rice ponds (a dual-crop system)
where farmers applied large quantities of the chlorinated
hydrocarbon pesticides, such as DDT, before these chemicals
began to be banned in the 1970's or 2) from waters
contiguous with waters receiving agricultural runoff, such
as the Atchafalaya River Basin and Mississippi River in
Louisiana [4.4,4.5].

Because they inhabit temporarily

lentic environments, such as ditches, swamps, or ponds, the
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cultured crayfish species are only abundant in open water
during wet periods.

They burrow to several feet

underground during dry seasons [4.6].

Therefore, crayfish

are exposed to chemicals both in the Water column and in
sediments.
The crayfish industry is one of the top four aquatic
food industries in the U.S.

[4.7].

In 1990 crayfish

production in the U.S. totaled 98 million pounds [4.7].
Although they are becoming an important food species
throughout the United States [4.4,4. 8 ,4.9], crayfish (and
all other seafoods) are not presently included in the
Annual Residue Plan.
At this time various agencies, including the FDA
[4.10], are trying to develop new screening protocols to
detect residues of chemicals, such as the chlorinated
hydrocarbon pesticides, in aquatic species.

The need for

new screening protocols exists for the following reasons:
1) Many prevailing screening protocols were developed for
use with tissues of mammalian rather than aquatic species.
2) The protocols are limited by the extraction process for
isolating chemicals from various tissues.

Many extraction

procedures require extensive tissue preparation, multiple
extractions, extract purification, and finally extract
concentration before chromatographic analysis
[4.8,4.9,4.11-4.14] can be performed.

Therefore, the

extraction process makes many screening protocols time-

Ill
consuming, complicated, and because of the requisite large
volumes of solvent, expensive to perform, especially for a
large number of samples.

In response to these problems

with extraction processes and the need for protocols to use
with aquatic species, the present study was undertaken to
develop a quick, simple, and inexpensive screening protocol
to detect 14 chlorinated hydrocarbon pesticides in crayfish
hepatopancreas tissue.
Recently, a multiresidue extraction technique called
Matrix Solid Phase Dispersion (MSPD) was developed [4.154.17], which eliminates many of the difficulties associated
with extracting various residues from animal tissue.

In

this process, homogenization and dispersion of a small
amount of tissue to a solid support is performed in one
step.

Next, pesticides (or other compounds) are eluted

from a single, potentially multiphasic column.
actually becomes part of the column.
of extracting solvent is needed.

The tissue

Only an 8 mL volume

In many cases samples can

then be injected onto the gas chromatography apparatus
without further cleanup.

In this study the MSPD methods

were optimized for and applied to the isolation of 14
chlorinated pesticides from crayfish hepatopancreas for
subsequent gas chromatographic, electron capture detector
determination.
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EXPERIMENTAT-/
The multiresidue MSPD pesticide extraction method
reported by Long, Soliman, and Barker [4.15] was used in
this study.

However, the method was modified to include

more pesticides (i.e., 14 vs. 9) and to optimize the assay
for crayfish hepatopancreas.
REAGENTS
(a) Pesticides and internal standards.— Pesticide
standards (a-BHC [319-84-6]; j8-BHC [319-85-7]; lindane [5889-9]; heptachlor [76-44-8]; aldrin [309-00-2]; heptachlor
epoxide [1024-57-3]; p,p'-DDE [72-55-9]; dieldrin [60-571]; endrin [72-20-8]; 4,4'-DDD [72-54-8]; endrin aldehyde
[7421-93-4]; p,p/-DDT [50-29-3]; endosulfan sulfate [103107-8]; and methoxychlor [72-43-5]) and internal standard
(5-BHC [319-86-8]) were purchased from Supelco Inc.,
Bellefonte, PA.
(b) Crayfish.— Whole crayfish,

(Procambarus clarkii

and P^. acutus acutus), obtained from the Central Stations
Aquaculture Unit at Ben Hur Farms of Louisiana State
University, Baton Rouge, LA.

Multiple samplings of

hepatopancreata from 12 to 15 crayfish were each pureed in
a Potter-Elvehjem tissue grinder (Wheaton-33, 15 mL
capacity) placed in ice.
stored (-3.0 g aliquots)
until needed.

The homogenized tissues were then
in polypropylene bottles at -29°C
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PREPARATION OF STOCK PESTICIDE SOLUTIONS AND INTERNAL
STANDARDS
Eight of the pesticides (lindane, heptachlor, aldrin,
p,p'-DDE, dieldrin, endrin, p,p'-DDT, and methoxychlor)
were purchased dissolved in iso-octane at 200 /xg/mL.

The

stock solutions were admixed and then serially diluted with
iso-octane to make mixed pesticide solutions containing
1.3, 2.5, 5.0, 10.0, and 20.0 jug/raL of each pesticide.
The remaining six pesticides (a-BHC, (8-BHC, heptachlor
epoxide, 4,4'-DDD, endrin aldehyde, and endosulfan sulfate)
were purchased dissolved in methanol and methanol:methylene
chloride (98:2) at 20 /j,g/mL.

The stock solutions were

admixed and then serially diluted with methanol to make
mixed pesticide solutions containing 0.2, 0.4, 0.8, 1.7,
and 3.3 jitg/mL of each pesticide.
The (S-BHC was obtained in methanol:methylene chloride
(98:2) at 20 /ng/mL.

No further preparation was required.

PREPARATION OF SAMPLE EXTRACTS
Pesticide fortification levels in tissue were as
follows:
(a) 25

fxh— 5-BHC, 500 ng/0.5 g tissue

(b) 50

/iL— the various pesticide stock solution
mixtures of 8 pesticides

(c) 300

/liL— the various pesticide stock solution
mixtures of 6 pesticides
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Fortification levels resulted in final concentrations of
62.5, 125, 250, 500, and 1000 ng of each pesticide/0.5 g
hepatopancreas homogenate.
The fortified samples were allowed to stand for 5
minutes after the last pesticides were added.

The samples

were then blended with C 18 (40 micron, 18% load, endcapped,
obtained from Analytichem Int., Harbor City, CA) that had
undergone the specific preparatory procedures as described
by Long, Soliman, and Barker [4.15].

As previously

described [4.15], this material was transferred to a 10 mL
syringe barrel column that contained 2 g activated
florisil.

Two filter paper discs (Whatman No. 1, 1.5 cm

diameter) were placed on the column head, and the column
was compressed to 7.5 mL with a syringe plunger that had
the rubber end and pointed plastic portion removed.

A

plastic pipet tip (100 /xL) was placed on the column outlet
to increase the residence time of the eluting solvent on
the column.
The pesticides were eluted by gravity flow with 8 mL
of acetonitrile into a 5 mL conical screwthread disposable
glass centrifuge tube.
minutes.

Flow usually ceased after 25

After 30 minutes positive pressure was applied to

all the column heads in order to collect the remaining
solvent.

The final recovered extract volumes varied

between 4.7 and 4.8 mL.

Sample preparation on a routine

sample set of six took approximately 65 minutes to
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complete.
fashion.

Samples were handled in an assembly line
The average time for an individual sample was 40

minutes.
INSTRUMENTATION
Gas chromatograph.— Varian Vista 6000 equipped with a
DB-5

column, 30 m X 0.25 mm id, 0.2 jum coating (J & W

Scientific, Folsom, CA ) .
120°C for 2 min,
held

Column temperature program:

increased at 10°C per min to 290°C, and

for 4 min. A splitless injection with purge function

activated at 0.75 min post-injection was used.
port temperature:

Injection

2 00°C.

Electron Capture Detector:

300°C, 0.48 mV at 128

attenuation and 10 mV full scale range sensitivity.
Carrier gas:

ultra-high purity nitrogen at a calculated

linear flow rate of 15 cm/s.
Gas chromatograph.— Hewlett-Packard Model 5890A
equipped with a DB-5 column, 30 m X 0.25 mm id, 0.25 jum
coating (J & W Scientific, Folsom, CA).
program:

Column temperature

120°C for 2 min, increased at 10°C per min to

290°C, and held for 6 min.

A splitless injection with

purge function activated at 0.75 min post-injection was
used.

Injection port temperature:
Mass Selective Detector:

2 50°C.

Hewlett-Packard Model 5970A;

ionization voltage, 7 0 eV; ion source temperature, 200°C;
electron multiplier,

2600 V; direct capillary interface,

300°C; tuned daily with perfluorotributylamine.

For total
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ion monitoring of the samples, the filament and multiplier
were turned on 4 min into the run.

For selective ion

monitoring, the filament and multiplier were turned on 14
min into the run.

Three ions were selectively monitored

(m/z 176, 246, and 318).

Confirmation of DDE was based on

the presence of the base-peak ion (246), the ratios of the
two additional confirming ions, and a chromatogram
retention time match relative to a DDE standard.
DATA ANALYSIS
The peak area ratio (PAR) for each extracted pesticide
at each concentration was determined by dividing the peak
area of each pesticide standard by the peak area of the
internal standard.

Relative percentage recoveries were

then determined by comparing the PARs of the extracted
pesticides to the PARs of non-extracted pesticides run
under identical conditions on the gas chromatograph.

To

determine inter-assay variability, the PARs for 3
replicates at each concentration (12.5, 25, 50, 100, and
200 ng/mL, 2 juL injection volume) were calculated.

These 3

values were averaged to give means Istandard deviations
(SD) and coefficients of variation (CV).

The CVs

determined for each concentration were then averaged to
give a mean ± SD for each pesticide.
inter-assay variability.

These values were the

The values for intra-assay

variability were the CVs for the means ± SD of the PAR
values for 5 replicates of the same sample.

Finally,
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standard curves and correlation coefficients from linear
regression analysis were generated by plotting the average
PARs (n=3 for each pesticide) of extracted pesticide
standards at each concentration.

RESULTS AND DISCUSSION
The 14 pesticides at levels of 125, 250, 500, 1000,
and 2000 ng/g in crayfish hepatopancreas were extracted by
MSPD methods adapted from previously reported methods
[4.15-4.17] applied to catfish and beef muscle and beef fat
and from methods [4.18] recently determined for whole
oyster homogenate.

The pesticides were readily detected by

gas chromatography with electron capture detection (Figure
4.1).

A representative gas chromatogram of a blank sample

(Figure 4.2) showed minimal interferences in the region of
the pesticide elution times.

Correlation coefficients for

the 14 extracted pesticide standard curves (linear
regression analysis) ranged from 0.9685 to 0.9985.

As

indicated in Table 4.1, n=l at the 125 ng/g fortification
level in the standard curve for endrin aldehyde.

Endrin

aldehyde failed to be extracted well at this low
fortification level; it was recovered in only 1 replicate.
The standard curve for methoxychlor was based on 3
fortification levels (500, 1000, and 2000 ng/g) instead of
5 because methoxychlor coextracted with a contaminant,
which prevented accurate peak integration at the two lowest
fortification levels of the pesticides.
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Figure 4.1 Representative gas chromatogram obtained from
the electron capture detector analysis of the acetonitrile
extract of crayfish hepatopancreas homogenate fortified with
pesticides at 1000 ng/g (2 fil injection volume). Peak
identities are a-BHC (l) , (3-BHC (2), lindane (3), 5-BHC (4),
heptachlor (5), aldrin (6), heptachlor epoxide (7), p,p'-DDE
(8), dieldrin (9), endrin (10), 4,4'-DDD (11), endrin
aldehyde (12), p,p'-DDT (13), endosulfan sulfate (14), and
methoxychlor (15).

LU

to

z
o

Q.
to

LU

cc
oc
o
h
o
UJ
IUJ
a

0

12

24

T IM E ( m i n i

Figure 4.2 Representative gas chromatogram obtained from
the electron capture detector analysis of the acetonitrile
extract of crayfish hepatopancreas homogenate blank control
(2 /il injection volume) .
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Table 4.1 Relative percentage recoveries/ average
percentage recoveries, intra- and inter-assay variability
percentages for the 14 chlorinated hydrocarbon pesticides
isolated from fortified crayfish hepatopancreas homogenate
(concentrations 125-2000 ng/g).
Recovery, %
(n=3)

a
b
c
d

Cone
ng/g

a-•BHC

jS-BHC

Lindane

Heptachlor

Aldrin

125

91 ± 3

84 ± 10

93 ± 7

98 ± 7

95 ± 6

250

82 ± 7

75 ± 13

90 ± 8

90 ± 6

89 ± 4

500

78 ± 5

89 ± 0

84 ± 13

84 ± 11

71 ± 8

1000

77 ± 13

81 ± 11

76 ± 10

71 ± 4

66 ± 9

2000

88 ± 15

81 ± 16

86 ± 12

86 ± 16

81 ± 13

Ave%
rec.*

83 ± 10

82 ± 11

86 ± 11

86 ± 12

81 ± 14

IAV%b

9

26.2

8.2

9

6.4

IRV%°

8 ± 5

13 ± 8

11 ± 5

12 ± 3

13 ± 5

rd

0.!9940

0.9685

0.9985

0.9955

0.9935

n=15
intra-assay variability, n=5
inter-assay variability, n=15
correlation coefficient from simple linear regression,
n=3
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Table 4.1
Recovery, %
(n=3)

a
b
c
d

Cone.
ng/g

Heptachlor
epoxide

p,p'-DDE

Dieldrin

Endrin

4,4'-DDD

125

86 ± 8

116 ± 8

109 ± 5

75 ± 15

102 ± 9

250

72 ± 10

94 ± 10

86 ± 9

77 ± 10

74 ± 11

500

74 ± 2

83 ± 12

82 ± 12

79 ± 10

85 ± 4

1000

61 ± 9

86 ± 22

84 ± 20

82 ± 16

90 ± 20

2000

75 ± 11

88 ± 15

89 ± 15

76 ± 17

88 ± 14

Ave%
rec."

74 ± 11

93 ± 17

90 ± 15

78 ± 12

88 ± 14

IAV%b

10

4.1

5.3

6.9

0

IRV%C

12 ± 7

15 ± 8

14 ± 7

16 ± 6

12 ± 5

rd

0.9778

0.9910

0.9910

0.9818

0.9721

n=15
intra-assay variability, n=5
inter-assay variability, n=15
correlation coefficient from simple linear regression
n=3
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Table 4.1
Recovery, %
(n=3)

a
b
c
d
e
f
g
h
i
j

Cone.
ng/g

Endrin
aldehyde

P ,P ^“DDT

Endosulfan
sulfate

Methoxy
chlor

125

63 ± 0e

106 ± 15

108 ± 9

-----

250

49 ± 3

82 ± 13

83 ± 1

----

500

61 ± 11

87 ± 10

88 ± 5

142 ± 69

1000

63 ± 14

91 ± 25

96 ± 25

121 ± 18

2000

47 ± 5

91 ± 23

83 ± 10

91 ± 33

Ave%
rec."

55 ± 10f

91 ± 18

92 ± 15

118 ± 45'

IAV%b

0

0

0

----

IRV%°

19 ± 8s

14 ± 3

7 ± 6

16 ± V

rd

0. 9900h

0.9767

0.9788

0.9854j

n=15
intra-assay variability, n=5
inter-assay variability, n=15
correlation coefficient from simple linear regression,
n=3
n=l
n=13
n=12
n=l at 125 ng/g
n=9
n=3 at 500,1000 & 2000 ng/g

Average relative percent recoveries ranged from 55 ±
10.4% to 118 ± 45.2% (n=15 for most pesticides).

For

endrin aldehyde and methoxychlor, n=13 and n=9,
respectively, for reasons mentioned previously.

Inter

assay variability ranged from 7.1 ± 5.7% to 16.0± 5.6%
(n= 15 for most pesticides).

Inter-assay variability for

endrin aldehyde was based on n=12 because CV=0 at 125 ng/g
due to the single PAR value at this concentration.

The

inter-assay variability for this pesticide would be
artificially lowered by including this CV=0 value.

Inter

assay variability for methoxychlor was based on 9 PAR
values to calculate the CV values.

Intra-assay variability

was based on 5 injections of the same sample at the 250
ng/g fortification level.

Values ranged from 0.0 to 26.2%

(n=5 for each pesticide).

No value was calculated for

methoxychlor because its peak was not clearly defined at
this fortification level (250 ng/g).

As a whole, these

data indicated that the MSPD methodology allowed for the
successful extraction and determination of 12 of the 14
chlorinated pesticides in crayfish hepatopancreas (Table
4.1).

Endrin aldehyde was extracted only once at the 125

ng/g level.

Therefore, its detection limit was

approximately 250 ng/g.

In addition, methoxychlor was

extracted, but its limit of quantitation was approximately
500 ng/g instead of 125 ng/g due to an interfering
coextractant.

Even at the higher fortification levels, the
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recovery of methoxychlor was highly variable.

This

interfering coextractant may be a halogenated compound
unique to the crayfish hepatopancreas matrix.
The fortification levels used in this study (125-2000
ng/g) were chosen because they fall within the ranges of
FDA Action Levels for some of these pesticides in aquatic
species (e.g., 300 ng/g for aldrin, dieldrin, endrin,
heptachlor, and heptachlor epoxide and 5000 ng/g for total
DDT)

[4.20].

These levels were a starting point for the

development of this method and were not meant to reflect
the limits of quantitation or limits of detection of the
pesticides extracted from this matrix by this method.
During the course of the study, the limit of detection for
endrin aldehyde was found to be approximately 250 ng/g, and
the limit of quantitation for methoxychlor was found to be
approximately 500 ng/g.

Endrin aldehyde and methoxychlor

are not included in FDA screening protocols currently
applied to seafoods [4.21].

Of the two, only methoxychlor

is included in the FSIS 1991 Annual Residue Plan [4.1].

In

this program, the residue limit for methoxychlor in fat of
various food animal species is 3000 ng/g, a level six times
the limit of quantitation for methoxychlor with this
method.

Therefore, because endrin aldehyde is not

currently included in seafood screening protocols and
because the residue limit for methoxychlor (even though not
established for seafood)

is much higher than the limit of
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quantitation obtained for methoxychlor in this study, the
difficulty in quantifying these pesticides at the lowest
fortification levels of this study (125-250 ng/g) was not
considered a problem.
In a pilot study these MSPD methods were applied to
lobster (Homarus americanus) hepatopancreas.

The

extraction procedure was identical to that described for
the crayfish hepatopancreas except only one standard curve
was generated.

(One complete assay was performed at all

fortification levels.)

Average relative percent recoveries

ranged from 88 ± 4.7% to 117 ± 15.9%, n=5 for each
pesticide except for methoxychlor (n=4), which was
interfered with by a coextractant at the 125 ng/g
fortification level.

These results indicated that the MSPD

methodology can also be used to successfully extract and
determine the 14 chlorinated pesticides in lobster
hepatopancreas.
As demonstrated with the crayfish hepatopancreatic
tissue and previously with whole oyster tissue [4.18], the
extraction of many different types of compounds from many
different types of tissues can be performed with the MSPD
column by simply changing the solvent system [4.15-4.17].
Other methods are not as adaptable.

For example, most

methods for crayfish hepatopancreas require an initial
separation of lipid and aqueous components.

This process

involves homogenization and repeated extraction of tissues
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by solvents such as petroleum ether [4.9] or acidified
acetone[4.8 ].

Centrifugation, transfer of the supernatant,

extensive mixing, and sometimes evaporation are required
[4.8,4.9,4.11].

The methods also rely on cleanup steps or

chemical agents to further separate the pesticide residues
from interfering biological substances prior to
chromatographic analysis of an extract, which can severely
complicate and lengthen the time for analysis.
Needless to say, the MSPD methods did not require
these additional cleanup steps because very little of the
crayfish hepatopancreas homogenate incorporated into the
column was extracted along with the pesticides.

The

average amount of tissue and pesticide residue present in
the eluate was 4.28 mg (n=5) which was only 0.86% (on a wet
weight basis) of the original amount of tissue and
pesticide mixed with C,8.

This residue was diluted into

approximately 5 mL of acetonitrile.

Therefore, the 2 /xL

injection volumes of eluate contained approximately 1.7 /xg
of material, a portion of which was pesticides.

However,

the amount of residue varied somewhat among the samples,
unlike the amounts of residues from oyster homogenate
[4.18] or lobster hepatopancreas.

The average amount of

tissue and pesticide residue present in the lobster eluate
was 3.25 mg (n=5), which was 0.66% (on a wet weight basis)
of the original amount of tissue and pesticides mixed with
Clg.

The 2 nL injection volume contained, on average, 1.3

fig of material. In general, crayfish hepatopancreas was one
of the most difficult tissues to work with because of the
relatively large and varying amounts of biological
substances present (minerals, lipid, digestive enzymes, and
bile acids [4.4]).

However, as stated before, no

additional cleanup steps were needed before injecting the
eluate onto the GC column.
The results of this study are based on fortified
samples.

Samples with incurred residues would be ideal,

and one random sampling of 12 to 15 crayfish
hepatopancreata did have a detectable level of DDE, which
was confirmed with GC-MS by selective ion monitoring (SIM)
(Figures 4.3-4.5).
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Figure 4.3 Gas chromatogram obtained from electron capture
detector analysis of the acetonitrile extract (2 /il
injection volume) of a 0.5 g aliquot from the homogenized
hepatopancreata of one random sampling (field blank) of 12
to 15 crayfish with an identifiable level of DDE present in
the tissue.
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In conclusion, the MSPD methods were easily applied to
extracting the 14 chlorinated pesticides from crayfish
hepatopancreas.

Preliminary results indicated that the

methods may also be successfully used on lobster
hepatopancreas.

The procedures were simple and rapid and

required only small samples and volumes of solvent.

Less

solvent waste supports general efforts to decrease
environmental pollution.

Whether to protect the human food

supply or to monitor environmental contamination, all
regulatory agencies involved in isolating and detecting
chemical residues in crayfish and other aquatic species
could benefit from screening protocols with this type of
extraction process.

The methods presented here may serve

in screening protocols for pesticide isolation and
determination in crayfish and lobster hepatopancreas in
order to detect food supply contamination.

In addition,

the methods may be used in environmental monitoring
programs to screen for the pesticides to determine
contamination of the organisms' natural habitats or where
placed as biomonitors.
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CHAPTERS
COMPARISON OF A NEW MULTIRESIDUE EXTRACTION
TECHNIQUE TO CLASSICAL EXTRACTION
METHODOLOGIES FOR THE DETERMINATION OF
CHLORINATED HYDROCARBON PESTICIDE RESIDUES IN
FISH MUSCLE
INTRODUCTION
Regulatory agencies are increasingly interested in
developing new screening protocols to detect residues of
chemicals, such as chlorinated hydrocarbon pesticides, in
aquatic species.

Most existing screening methods for these

compounds were developed for use with tissues of mammalian
rather than aquatic specimens.

Further, such protocols are

limited by the extraction process for isolating chemicals
from the various tissues.

Classical procedures often

require extensive tissue preparation and multiple
extractions followed by extract purification and
concentration before analysis [5.1-5.5].

Therefore, it is

the extraction process that makes many screening protocols
time-consuming, complicated, and because of the requisite
large volumes of solvent and consumption of analyst time,
expensive to perform, especially for many samples.

In

response to these problems with the extraction process and
the need for protocols to use on tissues from aquatic
species, this laboratory has developed a quick, simple, and
inexpensive screening protocol to detect chlorinated
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hydrocarbon pesticides in fish muscle [5.6], whole oyster
homogenate [5.7], and crayfish and lobster hepatopancreas
[5.8].
The extraction technique is based on Matrix Solid
Phase Dispersion (MSPD).

The process requires

homogenization and dispersion of only a small amount of
tissue (0.5 g) to a solid support, C 18 (octadecylsilyl)derivatized silica.

The tissue and C ,8 become part of a

single, multiphasic column with florisil added to the
bottom of the column as a normal phase component to remove
eluted lipids.

Pesticides (or other compounds) are eluted

from the column with an 8 -mL volume of extracting solvent.
The samples can then be injected onto a gas chromatography
apparatus without further cleanup.
After demonstrating the successful extraction and
determination of the pesticides from fortified tissues
[5.6-5.10], we sought to apply the described screening
protocol to detect incurred residues of chlorinated
hydrocarbon pesticides, such as DDT, DDE, and DDD, in the
tissues of aquatic species.

We also sought to compare

results to those of a laboratory that had used (on the same
samples) a protocol involving classical methodologies, the
kind of protocol that represents those used by most
governmental agencies [5.2,5.5],
The opportunity to make this comparison came with the
Louisiana Department of Environmental Quality (LADEQ)

agreeing to share paired samples of fish fillets that were
collected from the Tensas River, Louisiana.

In December

1991, local newspapers reported the detection of high total
DDT (combined DDE, DDD, and DDT = tDDT) and toxaphene
residues in fish collected by the U.S. Fish and Wildlife
Service at various locations along the Tensas River.

DDT,

toxaphene, and other chemicals were heavily used on the
farmlands of northeastern Louisiana before these pesticides
began to be banned in the 1970's.

Heavy rains in the

spring of 1991 probably caused translocation of residues
from fields.

Likewise, the increased water movement and

turbulence could have contributed to an interchange of
pesticides between the bottom sediments and water of the
river.

In order to decide if fishing should be restricted

in the area, the state Office of Public Health requested
that the LADEQ collect samples and perform more analyses.
We contacted the LADEQ, and they agreed to provide the
samples used in the present study.
In this study the MSPD methods were applied to isolate
the suspected chlorinated pesticide residues from muscle
tissue of blue catfish, carp, white crappie, and smallmouth
buffalo for subsequent gas chromatographic, electron
capture detector determination.
with the results of the LADEQ.

Results were then compared
We report here both our

results and those of the Northeast Louisiana University
(NLU) Soil-Plant Analysis Laboratory, the laboratory
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contracted by the LADEQ to analyze their samples.

We then

describe and compare the respective screening protocols
used by each laboratory.

RATIONALE AND METHODS
The LADEQ provided muscle samples of blue catfish
(Ictalurus furcatus), carp (Cyprinus carpio), and
smallmouth buffalo (Ictiobus bubalus) from the Tensas River
at Cooter Point, and muscle samples of white crappie
(Pomoxis annularis)

from the Tensas River at Clayton, LA.

Researchers of the LADEQ collected samples by electroshock
(pulse DC, 1000 V, 6-8 amp).

The fish were filleted on

site, wrapped in hexane-rinsed aluminum foil, and frozen.
To best approximate a situation that a regulatory
agency would encounter in which these fish samples (along
with many others) would need to be rapidly screened by the
MSPD technique for chlorinated hydrocarbon residues, only
one 0.5-g muscle sample was used from each representative
fillet of each species of fish.
The multiresidue MSPD pesticide extraction method
reported by Long et al.

[5.6] was used in this study.

However, 5-BHC ([319-86-8] purchased from Supelco Inc.,
Beliefonte, PA) was used as the internal standard instead
of dibutyl chlorendate.

This change was made after we

completed additional work, which demonstrated the
appropriateness of this pesticide as an internal standard
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[5.7,5. 8 ].

Use of an internal standard allowed for

correction for recovery.
To quantitate the recovered pesticide residues,
standard curves generated with pesticide standards were
used.

RESULTS AND DISCUSSION
Table 5.1 summarizes the data obtained from the
Laboratory for Residue Studies (LRS) at Louisiana State
University and those reported to us by the NLU Soil-Plant
Analysis Laboratory.

Neither laboratory detected any peaks

associated with toxaphene, which is a mixture of
chlorinated camphene isomers [5.11].

In addition, the NLU

Soil-Plant Analysis Laboratory detected levels of 7 -BHC
(lindane) that ranged from 49-1065 ng/g in blue catfish,
carp, and smallmouth buffalo; levels of j(?-BHC at 30 ng/g in
smallmouth buffalo; and levels of a-BHC that ranged from 28 ng/g in blue catfish and smallmouth buffalo.

We could

not replicate their findings even though these pesticides
have been shown to be extracted with high efficiency by the
MSPD technique [5.6-5.8 ].
In general, the tDDT levels obtained with the MSPD
technique (Figure 5.1) were higher than those obtained with
the protocol used by the NLU Soil-Plant Analysis Laboratory
(Figure 5.2).

However, the latter protocol did not include

addition of an internal standard to allow for correction
for recovery whereas the MSPD method did correct for
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Table 5.1 Levels of DDE, DDD, and DDT isolated from fish
muscle tissue by the Laboratory for Residue Studies at LSU
with the MSPD extraction technique and by the Soil-Plant
Analysis Laboratory at NLU with classical methodologies.
The LRS numbers are corrected for recovery and are for
individual fish whereas the SAL values are not corrected
for recovery and are for sample composites.

DDE(ng/g)

DDD(ng/g)

DDT(ng/g)

tDDT(ng/g)

LRS"

SALb

LRS

SAL

LRS

SAL

LRS

SAL

blue
catfish

417

302

314

208

234

134

965

644

carp

1605

801

384

398

—

228

1989

1427

white
crappie

175

60

—

41

—

25

175

126

small
mouth
buffalo

2735

2005

706

410

473

979

3914

3394

a
b

Laboratory for Residue Studies
Soil-Plant Analysis Laboratory
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Place 2g C18 in a glass mortar.

Place 0.5g fish muscle on the C18.

Spike tissue with internal
standard and allow sample to stand
for 2 min.

Blend tissue and C18 with glass
pestle.

Transfer homogeneous C18/tissue
matrix to lOmL syringe barrel
that contains 2g activated
florisil.

Place 2 filter paper discs on the
column head and compress the
column to ~7.5mL.

Elute pesticides with 8mL
acetonitrile into glass centrifuge
tube.
aFirst wash syringe barrels with hot,soapy water; rinse
with double distilled water and methanol; and then allow
them to air dry. Plug the bottom of the syringe barrel
with a filter paper disc and add 2 g activated florisil.
Cover the column head with another filter paper disc and
compress column to ~3.5mL with a syringe plunger that has
had the rubber end and pointed plastic portion removed.
Place a plastic pipet tip (100/zL) on the column outlet to
increase the residence time of the eluting solvent.
Fig. 5.1

Flowchart of the MSPD extraction technique.
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Combine 50g tissue and
lOOg anhydrous NaSO. with
lOOmL hexane in a blender
Blend for 2 min.

Decant hexane supernatant
through a Buchner funnel
into a 500mL suction
flask.

Transfer lg lipid mater
ial to a separatory
funnel.
Multiple washes and
separations are performed
to partition the lipid
components into acetonitrile and pesticides into
hexane.
Total volume of solvent
used:~335amL

Tissues are blended and
extracted with two
additional 75mL volumes of
hexane.
I
Decant hexane into the
suction flask one last
time, and transfer
residue into the Buchner
funnel.

Rinse blender and residue
with three 25 to 50mL
volumes of hexane.

Pour all collected
extracts through a funnel
of hexane-rinsed NaSO .
Rinse suction flask and
NaSO. with 25mL of hexane

Concentrate hexane
extract to 0.5mL.
------------ r-------------Pour 0.5mL sample through
a chromatography tube
containing prewetted
florisil and anhydrous
NaSC>4 •
The column is rinsed
several times with
additional hexane and then
specific eluates (Fractions
A-C) are collected:
Add and collect a 15mL
volume of hexane (Fract
ion A ) . Concentrate to
lOmL.

Total Volume of solvent
used:~425mL
Evaporate solvent from
extracted lipids with a
rotary bath and weigh
dried material.
v

Add and collect a 15mL
volume of methylene
chloride:hexane (25:75)
(Fraction B ) . Concentrate
to lOmL.
r
Continued on next page.

Fig. 5.2 Flowchart of the extraction process used by the
NLU Soil-Plant Analysis Laboratory.
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Add and collect a 15mL
volume of ethyl acetate:
hexane (10:90)(Fraction
C ) . Concentrate to 10 mL.
Total volume of solvent
used:~60mL.

Additional solvent is needed to prepare a 50mL volume of
salt-saturated, glass-distilled, hexane-extracted water
and a 200mL volume of glass-distilled, hexane-extracted
water.
Fig. 5.2 Flowchart of the extraction process used by the
NLU Soil-Plant Analysis Laboratory.

recovery.

Another factor that might have accounted for the

discrepancy in tDDT levels was that the muscle fillets from
the 4 fish species were sampled differently by the two
laboratories.

As stated before, for the MSPD extraction

technique only one 0.5-g muscle sample was used from a
fillet of each representative species of fish.

On the

other hand, for the extraction process used by the NLU
Soil-Plant Analysis Laboratory, approximately 6 sections of
tissue were sliced from regular locations throughout each
of 4 or 5 muscle fillets (instead of 1) from each species
of fish.

Next, the resulting 24-30 sections for each

species of fish were ground together.

A 50-g subsample of

tissue was then used in the extraction process.

In this

way, any high residue levels in single fish fillets were
always diluted.

This way of sampling resulted in data for

a composite of fish, not for an individual fish.

In other

words, the NLU data represent an average level of pesticide
contamination whereas we were able to examine an individual
level.

The sampling method of the more classical

procedures could have been used, nevertheless.
The MSPD extraction technique is diagrammatically
shown in Figure 5.1.

The basic equipment required for the

procedure were as follows:

glass mortars and pestles,

syringe barrels and plungers, pipet tips, filter paper
discs, and glass centrifuge tubes.
per sample was needed.

Only 0.5 g of tissue

This small sample size reduces

overall sample manipulation and required volumes of
extracting solvent.

Homogenization and dispersion of the

tissue to a solid support (2.0 g C,8) was a one step
process, which simply required blending the tissue and C18
with the pestle.

After the tissue/C,8 matrix was packed

into a prepared syringe barrel containing 2.0 g florisil,
residues were eluted with 8 mL of acetonitrile by gravity
flow.

During the preparatory stages of the procedure,

several milliliters of solvent were needed to rinse the
syringe barrels after they had been cleaned with soap and
water.

Therefore, the amount of solvent waste for each

0.5-g sample was approximately 10 mL.

The resulting ratio

of amount of tissue used (grams) to volume of solvent used
(milliliters) was approximately 1:20.

There was no need to

concentrate eluates by evaporation before chromatographic
analysis.

The procedure took approximately 55 minutes to

complete in an assembly line fashion with a sample set of
four.
In contrast, the extraction process employed by the
NLU Soil-Plant Analysis Laboratory was much more
complicated and labor intensive.
shown in Figure 5.2.

The extraction process is

The protocol required 50 g of fish

tissue per sample and was divided into three distinct
parts:

1) separation of lipid and aqueous components, 2)

partitioning of lipid components into acetonitrile and
pesticide residues into hexane, and 3) cleanup with a

separate florisil chromatography tube.
several steps.

Each part involved

Because many different types of glassware

(suction flask, separatory funnel, etc.), equipment
(blender, Buchner funnel, evaporator, N2 tank,
chromatography tube, etc.), and reagents (organic solvents,
NaS04, florisil, etc.) were needed, the cost per sample
would be comparatively high.

Repeated extractions and

washes with hexane, acetonitrile, methylene chloride, and
ethyl acetate generated approximately 1070 mL of solvent
waste.

Like the MSPD procedure, the ratio of amount of

tissue used (grams) to volume of solvent used (milliliters)
was approximately 1:21.

However, the larger sample size

(50 g vs. 0.5 g) of this extraction process resulted in the
much larger volume of extracting solvent waste (1070 mL vs.
10 mL) per sample.

Much of this solvent was then

evaporated into the atmosphere, which contributes to
environmental pollution.
Plant Analysis Laboratory

A scientist from the NLU Soilestimated that it would take

approximately 12-14 hours to complete the extraction
process on one 50-g fish muscle sample.

Of course, this

laboratory usually works with 6-12 samples at a time.
Typically, when samples (e.g., 30 fish samples) are
submitted to this laboratory for pesticide residue analysis
(e.g., for tDDT and toxaphene levels), the results are
usually available in 4-6 weeks.

We estimated that with the
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MSPD technique it would take approximately 3 days to
produce a similar set of results on 30 fish samples.
In conclusion, this study demonstrated that use of the
MSPD extraction technique reduced analysis time, solvent
waste, environmental contamination, and cost per unit
sample and still provided results on pesticide residue
contamination that were similar to those obtained with use
of classical extraction methodologies.

This technique

satisfies the current need of regulatory agencies to
develop new screening protocols with rapid, simple, and
inexpensive extraction processes to isolate chemical
residues from aquatic species.
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CHAPTER 6
SUMMARY AND CONCLUSIONS
INTRODUCTION
Aquatic resources are monitored for the presence of
tissue residues of chemical agents for two main reasons:
1) for food safety— to identify and remove from commercial
markets any edible tissues that contain potentially
hazardous levels of drug or other chemical residues and 2)
for environmental monitoring— to help identify geographical
areas where environmental quality may have been
significantly compromised.
With increasing reliance on aquatic species as a
source of dietary protein there is a strong public interest
in the safety of edible aquatic resources.

This interest

is based on concerns about potential unacceptable health
risks associated with eating fish containing residues of
environmental pollutants [6.1].

Such residues may exist in

both fish bought by consumers in commercial markets and in
fish caught for recreational purposes from rivers, lakes,
and oceans.

Further, seafood sold in the markets of one

country may often have been imported from another with
different regulatory policies concerning pesticide use in
aquatic environments.

For example, imports accounted for

over 60% of the fish and shellfish consumed by the United
States in 1990 [6.2],

Therefore, methods are needed for
148
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compounds that may be present in either domestic or
international products.

There is also a need for an

international consensus regarding residue levels and
concerns.
In this regard, the Joint Food and Agriculture
Organization (FAO)/World Health Organization (WHO) Expert
Committee on Food Additives (JECFA) serves as a scientific
advisory body to FAO, WHO, the Codex Committee on Residues
of Veterinary Drugs in Foods, and the Codex Committee on
Food Additives and Contaminants (CCFAC), concerning the
safety of residues of food additives, contaminants, and
veterinary drugs.

Recommended acceptable daily intake and

maximum residue level (MRL) for these substances have been
proposed by JECFA and are used by many countries to
formulate regulations regarding chemical residues in foods-including aquatic food resources.

The analytical needs of

an effective residue monitoring program are in part
determined by the MRLs as set by a nation's regulatory
authorities.

Appropriate analytical methods for these

programs are recommended by the CCFAC.

A listing of

reports and other documents published by the JECFA is
available [6.3].
Although aquatic species are sporadically monitored
for various environmental contaminants, existing
environmental monitoring efforts are not designed to be of
direct use in evaluating many aspects of seafood safety
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concerns.

This is, in part, due to the fact that many

environmental programs lack sufficient geographical scope
and sufficient focus on the edible portions of many aquatic
species.

Because many studies are conducted by various

university researchers and by state and federal agencies,
the programs also tend to lack a common methodological
approach to analysis.
As a result of public concern, the failure of
environmental and drug monitoring programs to contribute
valuable residue data for human food analysis, and the fact
that present seafood monitoring and inspection programs
lack both the frequency and direction sufficient to ensure
effective implementation of current regulatory limits for
seafood safety, several governmental bodies, including the
U.S. government, have declared their intention to develop a
new seafood inspection system [6.4].

There is early

recognition that the key to the success of this new system
will be development and application of more efficient and
cost-effective analytical methods.

METHODS FOR RESIDUE ANALYSIS OF POLLUTANTS IN
AQUATIC SPECIES
Analytical methods are needed for screening,
quantitation, and confirmation of chemical residues in
aquatic species for both research and regulatory purposes.
A review of the literature for methods used to extract,
isolate, and quantify chlorinated pesticide residues in

aquatic species (Table 2.11, Chapter 2) reflects the
confusion currently felt in the field concerning which
protocols are most efficient, accurate, reliable, and costeffective.

For example, most methods currently being used

by monitoring agencies for pesticide analysis are based on
five "classical” multiresidue methods, some developed over
thirty years ago.

These methods are commonly called the

non-fatty (MOG), fatty (Mills), Luke, Storherr, and Krause
methods.

Together they detect approximately 321 pesticides

or pesticide-related compounds [6.5].

Most of these

methods have undergone rigorous multi-laboratory
calibration studies, such as those needed to obtain
official acceptance by the Association of Official
Analytical Chemists (AOAC).

These methods are the backbone

of residue analysis protocols for governmental agencies
such as the U.S. Food and Drug Administration (FDA)
U.S. Environmental Protection Agency (EPA)

[6.6],

[6.7], and the

U.S. National Oceanic and Atmospheric Administration (NOAA)
[6.8]. These methods work well under certain conditions and
for certain purposes.

However, perhaps the greatest

drawback to their continued use is their inefficiency as
screening methods.

These methods are sufficiently complex

as to not allow the generation of relevant data in time to
prevent contaminated foods from entering the marketplace.
For example, the FDA is responsible for prohibiting
interstate marketing of food containing illegal pesticide
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residues.

In many cases, food is sold before the FDA

completes the analyses needed to confirm the presence of
the illegal residues [6.9].

Results are obtained too late

to prevent enforceable removal of the contaminated product.

TISSUE RESIDUE PROBLEMS CAUSED BY PESTICIDES
Pesticides have been and continue to be applied
extensively in the United States for agricultural purposes
on animals, farmland, and forests and for mosquito control
in urban areas.

Many of these chemicals ultimately find

their way into aquifers, rivers, lakes, and oceans mostly
through transfer in the water itself, through adsorption to
sediments and other organic layers in the water, or through
the air.

In addition, because many aquaculture ponds are

built on land that was formerly used for agriculture, the
sediments and organic materials of these ponds could also
contain high levels of pesticides.
Some of the pesticides that may be found in the
environment are the chlorinated hydrocarbon,
organophosphorus, carbamate, and

pyrethrin/pyrethroid

pesticides; chlorophenoxy acid, triazine, trichlorobenzoic
acid, chlorophenol, and glyphosate herbicides; viticulture
fungicides; and grain fumigants.

The EPA has established

tolerance levels for over 300 pesticides in various food or
food groups [6.10], and the FDA has determined action
levels for many pesticides and their metabolites and
degradation products in seafood [6.11].

Some of these
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pesticides are included in current seafood monitoring
programs conducted by groups such as the FDA and U.S.
National Marine Fisheries Service and are also included in
environmental monitoring programs conducted by groups such
as the NOAA.
Most of the pesticides are readily degraded in the
environment and therefore, are normally not a problem as
tissue residues.

However, some of the pesticides,

especially the chlorinated hydrocarbons, such as DDT, are
persistent in the environment and can be commonly found as
residues in mammalian and aquatic species.

Most of the

chlorinated pesticides have been banned from wide-ranging
use in this country for over twenty years, but they
continue to be of concern to regulatory agencies because of
their occurrence in food and their unknown health effects.
Many are classified as suspected carcinogens [6.12].
In general, the persistence of the chlorinated
pesticides and potential to undergo biomagnification, their
continued use in some countries, and the concerns for their
known and unknown toxicity make them a very important class
for regulatory agency attention.

State, federal, and

international monitoring programs will need to continue to
include this class of compounds in their testing for
decades to come.

Because efficient, cost-effective,

universal methods for the extraction, detection,
quantitation, and confirmation of these residues in aquatic
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matrices do not exist, a need for a better approach to
analysis has recently been acknowledged.

The research and

development plans of regulatory agencies, such as the FDA
[6.5,6.13] and the USDA Food Safety Inspection Service
[6.14], currently include commitments to increase and
improve capabilities for testing for pesticide residues.

FUTURE METHODS OF RESIDUE ANALYSIS
There have been recent advances in the field that
offer several promising techniques as possible solutions to
the problems caused by outmoded and complex analytical
methods.

Three techniques, supercritical fluid extraction

(SFE), solid phase extraction (SPE), and matrix solid phase
dispersion (MSPD), are receiving attention because they
have the potential to greatly reduce analysis costs and
reduce analyst-generated waste and pollution.
SOLID PHASE EXTRACTION
In the SPE process, a compound is isolated from a
liquid sample based on its relative solubility in the
liquid mobile phase compared to its solubility in a solid
support-bound liquid stationary phase of differing polarity
or to a solid support stationary phase of differing
polarity. Isolation is accomplished by passing the analyte
dissolved in solvent (organic or aqueous) through a column
containing the stationary phase with subsequent elution
using an appropriate solvent.

Several solid phase

extraction methods have been developed to facilitate the
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extraction and cleanup of biological liquid and tissue
samples.
Before SPE can be used with solid tissue (e.g., muscle
and liver), a separate homogenization step and often
multiple filtration, sonication, centrifugation, and
liquid-liquid cleanup steps are required.

While SPE may

improve cleanup of these solid tissue samples, the
additional labor and materials costs make SPE less
suitable, in some cases.
Solid phase extraction methods published for fish
tissues are often combinations of SPE with other methods
such as homogenization, liquid-liquid partition,
filtration, sonication, and centrifugation (Table 2.11,
Chapter 2).

Because choice of SPE column depends on the

matrix and on the particular compound of interest, a wide
range of solid phase columns of differing polarities have
been used (Table 2.11, Chapter 2).
SUPERCRITICAL FLUID EXTRACTION
With the SFE process, supercritical fluids (usually
supercritical carbon dioxide [SC-C02]) are used in place of
organic solvents to extract residues [6.15].

Carbon

dioxide becomes a supercritical fluid if handled above its
critical temperature and pressure.

Because various

chemicals and associated tissue lipids are soluble in the
SC-C02, they are extracted and then collected once the
pressurized C02 is brought back to atmospheric pressure.
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No large volumes of organic solvents are needed.

One

drawback to the procedure is that because the extracts
contain contaminating lipids, a cleanup step is usually
needed before samples can be injected onto instruments such
as gas chromatographs.

Cleanup is usually performed with

gel permeation chromatography or adsorption chromatography
with Florisil.

In-line cleanup could be conducted by using

disposable or reusable SPE cartridges or newer disc SPE
technologies and changing the pressures of the
supercritical fluid.

Coupling this system directly to an

LC/MSD type interface or a GLC/MSD interface could provide
a complete analytical process for the desired analysis.
More work will be necessary to further develop this
process.

It's application to fish tissues [6.16] is quite

limited.

However, the process has the potential to provide

a near solventless, in-line, automated process for the
rapid analysis of the lipophilic chemical species from
edible aquatic resources.
MATRIX SOLID PHASE DISPERSION
Of the three techniques being considered, matrix solid
phase dispersion, in particular, has the strongest
potential to meet the demands of future residue monitoring
of aquatic resources for pollutants.
In general terms, the process involves blending a
tissue sample (0.1-1.0 g) with lipophilic polymerderivatized silica particles (e.g., octadecylsilyl [ODS]-
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derivatized silica [C18]), which simultaneously disrupts and
disperses the sample.

This mixture of C,8 and tissue

becomes part of a potentially multiphasic column that
possesses unique chromatographic character.

Elution of the

MSPD column with a solvent or solvent sequence can provide
a high resolution fractionation of target analytes that can
be further purified by simultaneous use of co-columns of
Florisil, silica, or alumina. The final eluate can, in most
cases, be directly analyzed or further concentrated or
manipulated to meet the demands of the individual analysis.
The extracts obtained from these methods are most often
detected by LC (in the case with drugs) or GLC with
electron capture detection or mass spectrometry (in the
case with pesticides).

However, they can also be used in

immuno- [6.17] or receptor assays.
Additionally, the MSPD process is generic and can be
modified for a particular application by 1) a change in the
eluting solvent or solvent sequence, 2) use of a different
polarity polymer or solid support, and 3) blending of the
C18/tissue in the presence of modifiers such as chelators,
acids, bases, etc.
MSPD could also be used in conjunction with SFE.

The

water in biological matrices often interferes with the SFE
extraction process [6.15] and analysts have used samples
blended with diatomaceous earth to remove water from the
sample.

However, blending samples first with polymer-
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coated silicas, as is done in the MSPD process, would
remove water and provide an initial stage of fractionation
at the point of elution of the analytes with supercritical
fluid and modifiers.
In general, the three main advantages of MSPD are 1)
it allows for rapid turnover of samples and hence, access
to timely data on residue levels present in samples, 2)
because of its required small sample size, it considerably
decreases solvent use compared to the classical methods,
which in turn decreases environmental contamination and
increases worker safety, and 3) it is suitable to robotics
automation.

Therefore, MSPD has the potential to meet the

future demands for conducting drug and pesticide analysis
for large numbers and varieties of samples.
MSPD APPLIED TO AQUATIC RESOURCES
As seen in both Table 2.11 of Chapter 2 and the data
herein presented, MSPD has been used to provide for single
ofj5Masfctiresidue analysdenefinatheuMSEDvpronmeH^aibould
contaminants in several aquatic matrices.

Pesticides

extracted and isolated by this method include 14
chlorinated hydrocarbon pesticides from fortified whole
oyster homogenate and crayfish hepatopancreas [6.18,6.19]
and 9 chlorinated pesticides from fortified catfish muscle
[6.20].

These methods are a significant advance in the

ability to screen more samples due to their simplicity and
efficiency.
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DISCUSSION
Methods development for residue determination should
focus on rapid screening tests, multiresidue capabilities,
metabolite detection, and improved sensitivity [6.21].
Further, the use of determinative methods generally
requires a method of isolating the compound(s) of interest
from edible or marker tissues that is rapid, inexpensive,
and does not generate large volumes of solvents for
disposal.

Classical isolation methods using homogenization

and/or liquid-liquid partitioning of biological tissues and
fluids may be sufficient for some applications but are poor
for screening purposes because they are often lengthy,
involving multiple steps and using large volumes of
solvents.

Solvent disposal is becoming increasingly

expensive and environmentally unsound.
using low solvent volumes are desirable.

Therefore, methods
A main purpose of

this dissertation was to present a case for phasing out
existing official methods in favor of newer technologies
that require less sample, less solvent, less employee time,
and less cost per sample.

Newer techniques such as

supercritical fluid extraction [6.15], solid phase
extraction (Table 2.11), and MSPD offer alternative
isolation strategies.

When compared to the classical

methods, these new methods greatly reduce labor and
solvents costs and improve throughput.

There are a few

drawbacks to the new methods and more work is needed to
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further develop SPE, SFE, and MSPD for use with the many
different types of matrices that may contain residues of
chemical contaminants.

However, of the three new methods,

MSPD shows tremendous potential.
MSPD methods have been published for the isolation of
a wide range of compounds in a variety of matrices
indicating this approach may provide a generic technique
for single and multiresidue extraction of drugs,
environmenta1 pollutants, and their metabolites. This
process, when compared to classical methods, has been
estimated to reduce solvent use by approximately 98% and
analysis time by 97%.

Furthermore, once the MSPD column is

prepared, the process of solvent elution, collection, and
analysis can be automated by the use of robotics.

Cost of

analysis is decreased because less solvent is needed and
fewer laboratory technicians need to undergo training.
Safety and environmental protection are increased because
less solvent is needed.

Finally, data is generated more

quickly because of the ease of the process and its
potential to be automated.

These features of MSPD and the

applications demonstrated here make it a general and
perhaps significantly useful method in designing future
residue analysis screening programs for aquatic as well as
other food animal resources.
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